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From the Chemical Department, University of Birmingham. 
(Received May 12th, 1925.) 


ALTHOUGH the action of aqueous solutions of aldehydes upon proteins has 
been extensively studied, the behaviour of aldehydes in the anhydrous state 
does not seem to have been investigated in detail, except for the single observa- 
tion of Mathewson [1906] that gliadin appeared to be somewhat soluble in 
impure benzaldehyde. Apart from its chemical interest such an investigation 
might lead to improved methods of separation and purification of proteins 
and proteoses. The present methods of fractionation depend largely on the use 
of inorganic salts, and there is a considerable field for the application of organic 
solvents in protein chemistry. 

Observations were made in the first place with benzaldehyde. It was found 
that, whilst gelatin, egg-albumin, gliadin, and proteoses (Witte’s peptone) 
were precipitated from their solutions in anhydrous phenol by paraldehyde, 
the addition of benzaldehyde had no effect. Egg-albumin was, furthermore, 
slightly soluble in benzaldehyde alone, and was reprecipitated on the addition 
of alcohol. Gelatin, gliadin and caseinogen, however, appeared to be insoluble 
in benzaldehyde. Glycine and alanine were similarly insoluble, but proteoses 
dissolved in benzaldehyde with great readiness at ordinary room temperature, 
only a small residue being left undissolved. The proteoses were precipitated 
by the addition of various organic solvents (alcohol, acetone, chloroform, 
paraldehyde, mesityl oxide), or even by warming the benzaldehyde alone to 
37°; on cooling the proteoses re-dissolved. 

Benzaldehyde is thus characteristic (1) in exerting a selective solvent action 
upon intermediate hydrolytic products of proteins, amino-acids and proteins 
themselves being almost insoluble; (2) in being efficacious as a solvent for 
proteoses within only a very restricted range of temperature (approx. room 
temperature). 

Similar experiments were carried out with many other aldehydes and 
derivatives, and the results are as follows: 
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Table I. Solubility of proteoses. 


m-Toluylaldehyde an Sol. at room temp. Insol. at 37° 
Benzaldehyde cyanohydrin = = 

Salicylaldehyde ... ae Slightly sol. at room temp. Readily sol. at 37° 
Anisaldehyde _... see - = - - 
Acetaldehyde_... nies Insol. 

Oenanthol a aoe “ 

Chloral Se we » 

Chloral hydrate ... se Sol. just above m.P. (57°) 

Butylchloral hydrate... ae ~ 

Chloral alcoholate a Insol. 

Phenylacetaldehyde aie a 

Cinnamaldehyde ose me 

Citral we — a = 

Furfuraldehyde ... ish * 

Acetone ... oo ais % 

Mesityl oxide ea ea 

Acetophenone ... aoe Sol. just above m.p. (20°) Tnsol. on warming 
Benzophenone ... ee Insol. 


A consideration of these results shows that proteoses are only soluble in 
aldehydes of the aromatic type, e.g. compounds in which the —CHO group is 
directly attached to the benzene nucleus. 

In other aldehydes, e.g. aliphatic and heterocyclic, the proteoses are 
insoluble. 

Substitution of groups in the benzene nucleus of the aromatic aldehydes, 
although not unfavourable to the solubility of proteoses, sometimes had the 
interesting result of reversing the effect of temperature (cf. salicylaldehyde). 
It is noteworthy that proteoses were also soluble in acetophenone, but not in 
acetone or benzophenone. 

It is quite possible that this apparent solubility is in reality determined by 
chemical factors, as previous treatment of proteoses with formaldehyde and 
nitrous acid destroyed their solubility in benzaldehyde. However, even in the 
case of aldehydes which exert no solvent action, chemical reactions apparently 
take place, e.g. proteoses and gelatin become yellow when warmed with 
phenylacetaldehyde. 

Whilst proteoses were insoluble in chloral, they were soluble in fused chloral 
hydrate and butylchloral hydrate, but not in chloral alcoholate, in which one 
of the OH groups is replaced by an ethoxy group. In addition to proteoses, 
gelatin, albumin, gliadin, and lecithin were also soluble in chloral hydrate, 
and these substances were precipitated therefrom by paraldehyde, but not 
by alcohol. It is remarkable that the addition of the elements of water to 
chloral, forming a dihydric alcohol, in which the two OH groups are attached 
to the same carbon atom, should lead to the production of solvent action upon 
the foregoing colloids, as alcohol, glycerol, and chlorohydrin are without such 
solvent power. 

The effect of adding various aldehydes to an ethereal solution of lecithin 
has also been studied. In certain cases precipitation of the lipin took place, 
but with some aldehydes the solution remained clear, indicating that in such 
aldehydes the lecithin was soluble. The results in general are similar to those 
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obtained with the proteoses, but a survey of the following table will indicate 


a few exceptions. 
Table II. Ethereal solution of lecithin. 


Substance added Observation 
Benzaldehyde No effect 
m-Toluylaldehyde - 
Salicylaldehyde ss 
Anisaldehyde Ppt. 
Acetophenone * 
Acetaldehyde “i 
Paraldehyde ee 
Phenylacetaldehyde s 
Cinnamaldehyde a 
Oenanthol No effect 


The application of aldehydes as fractionating solvents may thus be service- 
able in the separation and purification of proteoses and lipins, as was suggested 
in the case of paraldehyde [Cooper, 1924]. 

The influence of the factor of chemical structure has also been considered 
in connection with the action of aldehydes and ketones on amino-acids, 

The action of formaldehyde on amino-acids is well known, and is, of course, 
the basis of Sérensen’s method. Using the same technique, the action of 
formaldehyde, acetaldehyde, and acetone on amino-acids has been compared 
quantitatively. It was found that acetaldehyde reacted much less readily 
than formaldehyde with glycine and alanine, whilst in the case of acetone 
there was practically no chemical action at all. It was therefore of interest 
to study the distribution of acetone between water and certain proteins, 
especially as acetone has been employed as a protein precipitant [Piettre and 
Vila, 1920]. In fact, acetone has quite a general precipitating action on various 
colloidal solutions, ¢.g. proteins, starch, glycogen, dextrin, lipins. 

The following tables give the quantitative results of experiments on the 
distribution of (a) acetone between water and gelatin, (b) acetone between 
water and egg-albumin (heat coagulum) at room temperature. 

The estimation was carried out according to Messinger’s iodometric method. 
Preliminary experiments showed that equilibrium was attained within 7 days. 


Table ITI. 
(a) Gelatin. 


Acetone concentration (amount of acetone in I g. protein) 


Distribution coeff. 


in water phase (amount of acetone in | g. water) 
(I) 02% 0 
2- 2 
8-0 0 
(II) 0-25 0 
0-50 0 
1-00 0 
2-00 0 
4-00 Ey 
8-00 1-2 
20-00 0 


(b) .Egg-albumin. (Heat-coagulum.) 


2% 5 
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A point of interest, difficult to understand, is the phenomenon of a maximum 
shown with respect to the distribution coefficient; below and above a certain 
critical range of acetone concentration there is no evidence at all of any ab- 
sorption of acetone by the protein. Although these results differ from the 
observations made on the distribution of phenol between water and proteins, 
in which case the partition-law was found to hold [Cooper, 1912], there is 
very little evidence that acetone reacts chemically with amino-acids or 
proteins. 

Accordingly, as in the case of alcohol, the action of acetone as a protein- 
precipitant is probably physico-chemical. 

The fact that the behaviour of aldehydes towards proteoses depends so 
much upon chemical structure and temperature rendered it of great interest 
to investigate the influence of these factors in the case of other solvents. 

It is well known that proteins are soluble in molten phenol and cresols, 
and the phenols therefore afforded a convenient group in which to study the 
effect of structural differences. Observations have also been made in the case 
of certain amines. 

The tests were carried out with proteoses, gelatin, and egg-albumin at 40° 
(except when the substance had a M.P. above 40° in which case the experiment 
was carried out at a temperature just above the m.P.), with the following 
organic substances. 


Phenol and derivatives. 


Phenol, cresols, carvacrol, p-chlorophenol, o-nitrophenol, a-naphthol, 
hexahydrophenol, anisol, guaiacol, salol, methyl and amy] salicylates, benzyl 
alcohol. 

The main results of the observations are as follows: 

1. The solvent action of the phenols diminishes as the homologous series 
is progressively ascended. 

2. The introduction of a chlorme atom into phenol diminishes solvent 
power, but to a less degree than a methyl group. 

3. Solvent action is diminished by introduction of the —COOCH, group, 
and abolished by that of —COOC,H,, ,—COOC,H,, nitro and methoxy groups; 
and by hydrogenation of the benzene nucleus (hexahydrophenol). 

4. a-Naphthol and benzyl alcohol have no solvent action on proteoses and 
gelatin, although Mathewson [1906] found that gliadin was soluble in benzy] 
alcohol. 


Amines and derivatives. 


The observations were made at room temperature (whenever possible) and 
at 40°, unless a higher temperature was necessary to melt the substance. 

Amines and their derivatives belonging to the aliphatic, aromatic and 
heterocyclic types were employed. The following results were obtained: 
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(1) Aniline, o-toluidine, m-xylidine, methylaniline, chloroaniline, anisidine 
and phenylhydrazine dissolved proteoses on warming but not at room 
temperature. 

(2) Dimethylaniline and ethylaniline, however, dissolved proteoses at 
room temperature, but not on warming, showing that the introduction of two 
methyl groups or one ethyl into the —NH, radicle had the peculiar result of 
reversing the temperature effect (cf. benzaldehyde and salicylaldehyde). 

(3) Proteoses were slightly soluble in formanilide (46°), but insoluble in 
benzylamine, dichloroaniline, phenylethylamine, diphenylamine, a-naphthyl- 
amine, azobenzene, urethane, pyridine, and camphylamine. 

Proteoses are thus insoluble in amines of the aliphatic and heterocyclic 
types, as was also observed in the case of the aldehydes. 


SUMMARY. 


The results as a whole indicate that the solubility of proteins, proteoses, 
and lipins in organic substances, e.g. aldehydes, phenols, amines, is readily 
influenced by the chemical structure of the solvent and by temperature, and 
such solvents may thus be of service in biochemistry for the selective extrac- 
tion or purification of the colloidal constituents of protoplasm. 


REFERENCES. 


Cooper (1912). Biochem. J. 6, 362. 

(1924). Biochem. J. 18, 948. 

Mathewson (1906). J. Amer. Chem. Soc. 28, 1482. 

Piettre and Vila (1920). Compt. Rend. Acad. Sci. 170, 1466. 














LXXIX. THE GLUCOSE CONTENT 
OF NORMAL URINE. 


By GUY SEFTON LUND anp CHARLES GEORGE LEWIS WOLF'!. 


From the John Bonnett Memorial Laboratory, Addenbrooke's Hospital, 
Cambridge. 


(Received May 16th, 1925.) 


THERE has been a long-standing impression that normal urine contains a small 
but definite amount of glucose. This idea has recently received substantiation 
from the results of Benedict and Osterberg [1921], who undertook to estimate 
the amount actually present. This was found to be within the limits given in 
the article of Schulz [1910]. Similar amounts to those obtained by Benedict 
and Osterberg were also found by Sumner [1924], using an entirely different 
method. Sumner stated that about 60 % of the total reduction was due to 
sugar. 

The above results have not remained uncriticised by other investigators. 
Greenwald, Gross and Samet [1924] who give a résumé of the history of the 
problem came to the conclusion that the sugars of normal urine consist of 
difficultly assimilable carbohydrates or of reducing substances derived from 
protein. 

Hést [1923] attempted to gain information on this point by preparing 
osazones from normal urine. He was able to show that aqueeus solutions 
containing 0-0025 % of glucose yielded typical crystals of glucosazone and urine 
containing 0-01 % of added glucose gave characteristic crystals. By the same 
procedure crystals were obtained in normal urine, but their appearance was 
sufficient to differentiate them from the glucose compound. The difference 
between the physiological carbohydrate and glucose added to the urine was 
also shown in the rapidity of the fermentation with yeast. The physiological 
carbohydrate was only completely fermented after 48 hours at 37°. It is thus 
seen that neither Greenwald and his co-workers nor Hést believe that glucose 
is a constituent of normal urine. 

Determinations of the reducing power and optical rotation of urine before 
and after fermentation have been made, but as Greenwald, Gross and Samet 
point out, no one has ever demonstrated the production of either alcohol or 
carbon dioxide in the process. 


1 Assisted by a grant from the Medical Research Council. 
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During the course of a study of the fermentable carbohydrates of the blood 
we were led to examine the action of yeast on normal urine. For this purpose 
we used the larger differential manometer of Barcroft [1914] with mechanical 
shaking. 

1 ce. of urine, which had been previously well shaken to expel dissolved 
carbon dioxide, was mixed with 0-5 ce. of a 1 % orthophosphoric acid solution. 
This was fermented with 0-2 cc. of a thick suspension of yeast placed in the 
smaller cup of the apparatus. The control flask contained 1-0 cc. of water and 
the same amount of yeast and phosphoric acid as in the reaction flask. The 
yeast used was the strain employed by Grafe and Sorgenfrei [1924] in their 
studies of the fermentable sugar of the blood and was the powerfully fermenting 
“Rasse XII” of the Institut fiir Girungsgewerbe in Berlin. It was transferred 
each day to sterile beer wort and the 48-hour growth centrifuged and washed 
three times with tepid water. It was then suspended in saline. The fermentations 
were usually continued for 60 to 90 minutes at 30°. When glucose was added 
to normal urine the rise in the manometer was usually over in 45 minutes. 
Many of the tests were performed in quadruplicate and the concordance was 
very satisfactory. Using the constants of the manometers as obtained by the 
method of Miinzer and Neumann [1917] the carbon dioxide yielded by the 
glucose on fermentation accounted for about 85 % of the sugar used. 

In more than a dozen samples of normal urine we have never obtained a 
positive pressure in the manometer. Normal urines to which glucose (equivalent 
to a concentration of 0-05 %) had been added showed a rise within 10 minutes 
after addition of the yeast, the total rise being of the order of 30 mm. 

That glucose excreted by the kidneys in very small amount is detected by 
yeast is shown in the following experiment where 50 g. of glucose were ad- 
ministered to a woman, aged 51, suffering from a severe form of Graves’ 
disease, with a B.M.R. of + 80%. The results are shown in the following 
table which is one of three practically similar experiments on the same patient. 


Sugar in Rise in 
Blood sugar urine manometer 
Time % (Benedict) mm. 
9.00 0-088 0 0 
10.30 0-256 + 131 
11.30 0-120 0 0 


50 g. of glucose at 9-05. 


The amount of glucose excreted in the second sample of urine was barely 
enough to be detected with Benedict’s reagent, and we were unable to detect 
any rotation with a small polarimeter reading to 0-1° and using a 200 mm. tube. 


SUMMARY. 


Using the differential manometer of Barcroft no carbon dioxide production 
has been found when normal urine is treated with yeast. This points to the 
absence of glucose from normal urine. 
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In the present form the manometric method appears to be among the 
most sensitive and selective means which we possess for detecting glucose in 
the urine. 

REFERENCES. 
Barcroft (1914).. Respiratory Function of the Blood, p. 291 (Cambridge). 
Benedict and Osterberg (1921). J. Biol. Chem. 48, 51. 
Grafe and Sorgenfrei (1924). Deutsch. Arch. klin. Med. 145, 294. 
Greenwald, Gross and Samet (1924). J. Biol. Chem. 62, 397 and 401. 
Host (1923). J. Metabol. Res. 4, 315. 
Miinzer and Neumann (1917). Biochem. Z. 81, 319. 
Schulz (1910). Huppert-Neubauer, Analyse des Harns, p. 284 (Wiesbaden). 
Sumner (1924). J. Biol. Chem. 62, 287. 








ene eee nner nance cece ccna TT EET eo a RL a a NEES EAE 





LXXX. ESTIMATION OF SUGAR IN SMALL 
QUANTITIES OF BLOOD. 


By DIRK GERARD COHEN TERVAERT. 
From the Laboratory for Physiological Chemistry, University of Utrecht, 
Holland. 
(Received May 16th, 1925.) 


THE method is a modification of the one described by Shaffer and Hartmann 
[1921]. It has been in use since 1921 and has found its way into several 
laboratories in Holland. 


Solutions 

1. Phosphotungstic acid?... ‘es 5 g. 
Sodium sulphate (pro analysen) is 20 
Sulphuric acid (pure) ... ; vai 2 
Water to on a ies ... 1000 ce. 

2. Copper sulphate (crystals) 1-5 g. 
Tartaric acid ... as Fes “i 3°75 
Sodium carbonate (anhyd.) ..: se 40-0 
Potassium iodide bis sats my 2-0 
Potassium iodate fi ee “ds 0-2 
Water to oe 83 ... 1000 ce. 


Procedure. The blood is mixed with 25 volumes of solution 1. For one 
determination and a blood-sugar content between 0-07 and 0-20 % one 
can take conveniently 6-8 cc. of solution 1 and add 0-2 ce. of blood. When 
one expects more than 0-2 % of blood-sugar one should take 50 of solution 1. 
In rare cases the blood is to be diluted still more. When the blood-sugar is 
lower than 0-07 % the blood should be diluted with only 10 volumes of 
solution 1 and more blood should be taken. For double determinations the 
amounts of blood and solution 1 should be doubled. After thorough mixing 
the haemoglobin begins to settle to the bottom as haematin within a few 
minutes. It then gives a clear and colourless filtrate when filtered through 
paper. The paper must be starch-free and should not give off any fibres to 
the filtrate. 

5 ec. of the filtrate are carefully pipetted into a large test-tube of 23 mm. 
diameter; 5 cc. of solution 2 are added and the tube is covered with a well- 
fitting glass cover in the form of a small crystallising dish. The test-tube is 


1 | always used a specimen from Merck. 
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placed in a boiling water-bath for 15 minutes. I had special baths made for 
the purpose in which six tubes could be heated at the same time (care should 
be taken that there is room to move the burner freely to and fro underneath 
the bath without lifting the bath itself). 

Exactly 15 minutes after the beginning of the heating the tube is cooled 
in water. 5 ce. of N sulphuric acid are now added and mixed well with the 
contents; the tube is again covered and shaken at intervals during 2 minutes, 
after which time the liberated iodine is titrated with thiosulphate (0-08 N is 
a convenient strength; it deteriorates less than the weaker solutions, but it 
should be kept in a microburette). 

For calculation of the amount of reducing substance in the form of glucose 
the amount of copper reduced is calculated from the formula 

W = D x 63-56, 
where W is the amount of copper; D is the difference between the determination 
and the value of a blank (where instead of 5 cc. of filtrate 5 cc. of solution 1 
are used) expressed in cc. of N thiosulphate; and 63-56 is the atomic weight 


of copper. 
The amount of reducing substance as glucose is read from Table I. 


Table I. (Reduction table.) 


Interpolation table to be used 
Copper Glucose between 0-05 and 0-500 mg. 
of copper 


mg. mg. 

0-050 0-090 0-026  o-0-001 
0-100 0-116 50 

0-150 0-142 4 02 

0-200 0-168 6 603 

0-250 0-195 8 04 

0-300 0-221 10 (05 

0-350 0-247 12 = 06 

0-400 0-273 14 907 

0-450 0-300 16 08 

0-500 0-327 18 09 

0-550 0-358 20 «10 

0-600 0-395 . & 

0-650 0-447 24 13 

2 «14 

28 15 

30016 

32 17 

34 18 

36 19 

38 =. 20 

402 

42 22 

44 923 

46 24 

48 25 

50 26 


In Table II are given values of blood-sugar found with the use of the method 
described in comparison with MacLean’s method [1919], which was tested in 
this laboratory by Bahlmann [1920]. 
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Table II. Comparison with MacLean’s method, 
Mg. glucose per 100 cc. of blood 


MacLean Author’s method 
1 65 73 
2 71 63 
3 124 116 
4 158 164 
5 178 159 
6 253 270 
7 398 408 
8 488 483 


Wetselaar [1924] working with the method described obtained the following 
results (Table III) (reducing his values of 0-005 N thiosulphate to mg. of 
glucose by Table I): 


Table III. Values derived from Wetselaar’s work. 


(Published with permission of the author.) 















Glucose taken Glucose found 

mg. mg. 
0-090 0-088 
0-112 0-113 
0-135 0-138 
0-168 0-168 
0-179 0-183 
0-224 0-222 
0-258 0-264 
0-280 0-280 
0-314 0-313 
0-336 0-339 
0-370 0-371 
0-392 0-391 
0-426 0-433 
0-448 0-455 
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LXXXI. HAEMOCYANIN. PART I. 


THE DISSOCIATION CURVES OF THE OXYHAEMO- 
CYANIN IN THE BLOOD OF SOME DECAPOD 
CRUSTACEA. 


By ELLEN STEDMAN ann EDGAR STEDMAN. 


From the Department of Medical Chemistry, University of Edinburgh, 
and the Marine Biological Laboratory, Plymouth. 


(Received May 18th, 1925.) 


THE blue colour of the blood of certain arthropods and molluscs is due to the 
presence of a protein, containing copper, which exists in oxidised and reduced 
forms; the former, oxyhaemocyanin, has a blue colour, whilst the latter, 
haemocyanin, is colourless. The transformation of the oxidised into the re- 
duced form is readily accomplished by exposing blood containing oxyhaemo- 
cyanin to a vacuum or by saturating it with an inert gas; the reverse change 
takes place spontaneously on again bringing the blood into contact with air. 
Oxyhaemocyanin has been isolated in crystalline condition from the blood of 
certain species. [For bibliography see Dhéré, 1915.] 

The properties of haemocyanin immediately suggest that this pigment 
exercises respiratory functions analogous to those of haemoglobin. This view 
has, in fact, been almost generally accepted and has received support from 
determinations, by various authors, of the oxygen capacities of the bloods of 
a number of marine invertebrates. In the case of those species which contain 
haemocyanin, the values obtained, although differing widely from species to 
species and even from individual to individual of the same species, were con- 
siderably higher than the oxygen capacity of the sea-water in which the animals 
lived. With those species containing no haemocyanin, on the other hand, the 
values approximated to that of sea-water. This is illustrated by the following 
figures, which are quoted from Winterstein [1909]. 








Containing haemocyanin Not containing haemocyanin 
¥ Fa ae “ — z | fo TEE fe 7 2 
Octopus Palinurus Maia Ascidia Pinna Patella 
4-2-5-0 1-48-1-43 1-13-0-84 0-48-0-38 0-57 0-68 vols. % 


Alsberg and Clark [1914], however, state that the blood of Limulus, when 
exposed to a vacuum, yields an amount of oxygen which is not significantly 
greater than that obtained under the same conditions from sea-water. Whilst 
not denying that haemocyanin possesses the power of combining with oxygen, 
these authors conclude from their results that this pigment can only function 
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as a carrier of oxygen by a mechanism other than that of the physical dis- 
sociation of oxyhaemocyanin. The same authors [1910] had previously 
concluded, on other grounds, that haemocyanin from Limulus differs from 
haemocyanin from Octopus. 

It is evident that the proof that haemocyanin exercises respiratory functions 
in virtue of its power to dissociate would be greatly strengthened if it could 
be shown that the conditions which govern the equilibrium between the 
oxidised and reduced forms were adapted to the transport of oxygen within 
the organism. A comparative study with different species would, moreover, 
throw light on the question of the possible existence of different haemocyanins. 
The present investigation, which forms part of a more comprehensive one, 
was undertaken with this object and deals with the oxyhaemocyanin dissocia- 
tion curves of the blood of the four decapods, Homarus, Palinurus, Maia and 
Cancer. 


EXPERIMENTAL. 


The determinations of the oxygen content of bloods containing haemocyanin 
which have hitherto been carried out have been made either by a titration 
method, involving the use of sodium hydrosulphite (Na,S,0,), or by analysis 
of the gases removed from the blood by evacuation. Of these methods, the 
former is open to obvious objections and would, moreover, not be applicable 
to determinations at low oxygen tensions; the latter is capable of yielding 
extremely accurate results but requires a special mercury pump which was 
not available. It therefore appeared desirable to adopt one of the methods 
normally employed in the case of vertebrate blood. These depend upon the 
liberation of oxygen from oxyhaemoglobin by the use of potassium ferri- 
cyanide. A preliminary experiment carried out with the Barcroft differential 
apparatus indicated, however, that this reagent did not act similarly towards 
oxyhaemocyanin. In the absence of the discovery of a substitute for the 
ferricyanide, the use of the Barcroft or Haldane apparatus for the determina- 
tion of the oxygen capacity of blood containing haemocyanin is thus impossible. 
On the other hand, the apparatus devised by Van Slyke and Neill [1924] 
combines the action of ferricyanide with vacuum extraction, and in its most 
recent modification [Harington and Van Slyke, 1924] permits the removal of 
the extracted blood from the apparatus under conditions which preclude re- 
combination with the extracted gases. It therefore appeared that this latter 
modification would be applicable to the problem under discussion provided 
that extraction alone was sufficient to cause the complete dissociation of the 
oxyhaemocyanin contained in the blood. Trial experiments with this apparatus 
showed that extraction for 1-2 minutes with constant shaking in contact with 
mercury caused the complete disappearance of the blue colour. Moreover, 
determinations of the oxygen capacities of the bloods of Maia and Palinurus, 
after equilibration with air, gave values of 1-29 and 1-80 vols. % respectively, 
which are of the same order as those obtained by Winterstein and quoted 
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above. These results were considered to demonstrate the applicability of the 
Van Slyke apparatus, which was accordingly employed for the measurements 
recorded in this paper. 

The blood was collected by the following methods, for instruction in which 
the authors are indebted to Dr L. T. Hogben: 

Homarus vulgaris (Common lobster). An incision was made between the 
terminal and adjoining terga of the abdominal segments and was accompanied 
by section of the abdominal artery. This caused a ready flow of blood which 
was collected and placed in the ice chest until the clotting process was complete. 
The freshly drawn blood was pale pink in colour but rapidly became purplish 
blue on exposure to air. The clotted blood was defibrinated by grinding with 
a small quantity of powdered glass and filtering through bolting silk. 

Palinurus vulgaris (Rock lobster). An identical method was employed. 
The blood of this animal differed from that of Homarus in containing a greater 
amount of pink pigment and in clotting with much greater rapidity. 

Maia squinado (Spider crab). The carapace was opened over the heart 
and an incision made in this organ. The outflowing blood, which contained 
only a trace of pink pigment, quickly became blue. Apart from agglutination 
of the leucocytes, which were removed by filtration, no clotting occurred. 

Cancer pagurus (Common crab). The method employed was identical with 
that used in the case of Maia. The blood did not clot, was practically colour- 
less when drawn, and assumed a rich blue colour, unmasked by pink pigments, 
when in contact with air. 

The following technique was employed for the determinations. About 8 cc. 
of blood were drawn into a tonometer, equilibrated at room temperature (15°) 
with an analysed mixture of oxygen and nitrogen, and then transferred by 
displacement with mercury to an Ostwald pipette provided with a stop-cock. 
5 ec. were introduced into the Van Slyke apparatus, two drops of octyl] alcohol 
added to prevent foaming, and the blood extracted by shaking in the chamber 
for 3 minutes. The blood was then removed through the trap and the gas 
analysed by the method described by Harington and Van Slyke, the mano- 
meter readings being made at a volume of 0-5 cc. The method employed for 
equilibration was tested by equilibrating two samples of the same blood, one 
of which was in equilibrium with the air whilst the other had been freed from 
oxygen by evacuation, with a low oxygen tension. Analyses of the two samples 
yielded identical results, thus showing that the method permitted equilibrium 
to be reached reversibly. 

All analyses were made within 12 hours of drawing the blood, which was 
stored in the ice chest when not in use. It was proved by determinations on 
the blood of Maia that, under these conditions, no loss in oxygen-combining 
power occurred during that period. When sufficient blood was required for a 
series of determinations, a uniform specimen was obtained by mixing the 
blood of two or more animals. The results were calculated according to Van 
Slyke’s equation and are given in the following table: 
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Oxygen Oxygen % 


/O 
Oxygen capacity capacity of saturation 
Number of tension of blood haemocyanin of 
Species animals (mm.) (vols. % (vols. %)* haemocyanin 
Maia 2 8-0 0-31 0-28 24:5 
19-8 1-05 0-94 82-5 
717-9 1-40 1-12 98-2 
149-8 1-75 1-22 100 
(347-0)t 2-39) 1-14 “= 
741-0 3°66 — — 
Palinurus 2 11-0 0-47 0-43 35-6 
20-8 1-13 1-05 86-0 
79-0 1-49 1-20 99-9 
148-6 1-80 1-25 100 
(344-1) (2-49) 1-22 — 
735-0 3°88 — — 
Cancer 3 13-5 0-90 0-86 46-5 
21-7 1-69 1-63 88-1 
80-0 2-09 1-85 100 
149-8 2-29 1-85 — 
(289-0) 2-74) 1-85 — 
741-0 4-02 — — 
Homarus 3 16-5 0-61 0-56 76-6 
22-5 0-84 0:76 — 
80-3 0-99 0-73 100 
147-8 1-22 0-73 = 
(342-5) (1-88) 0-73 = 
732-5 3-22 a — 
Maia 3 Air 1-68 — —_— 
” 3 ” 1-29 — = 
Homarus 1 ns 1-18 = — 
” 1 ” 1-09 wa e" 
Cancer 1 o 0-96 — — 


* Obtained from curves in Fig. 1. 
t The figures in brackets were obtained by interpolation. 


The results of the first four experiments have been used to plot the oxy- 
haemocyanin dissociation curves shown in Fig. 1. The method employed for 
this purpose is illustrated by Fig 2, which refers to the blood of Cancer. 
Curve A has been plotted from the experimental values and hence represents 
the relation between the oxygen capacity of the blood and the oxygen tension. 
B represents the physically dissolved oxygen and has been obtained by drawing 
a line through the origin parallel to the region of A in which the capacity is 
proportional to the oxygen tension. The differences between the ordinates of 
A and B give the amounts of oxygen bound to haemocyanin at any particular 
tension. These have been plotted in C, which thus represents the dissociation 
curve of the oxyhaemocyanin in the blood, D, the oxygen capacity curve for 
sea-water at the temperature of the experiments has been added for comparison. 
All the curves in Fig. 1 have been obtained from the experimental results in 
this manner. 

DIscussION. 

It is at once evident from the curves reproduced in Fig. 1 that not only 
does oxyhaemocyanin yield oxygen to low tensions of this gas but that it 
does so under conditions which render it capable of exercising real respiratory 
functions within the organism. Corresponding with the low oxygen tension 
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of the medium in which the animals live, the haemocyanin is, under tempera- 
ture conditions which approximate to the normal, about 85 °% saturated when 
in equilibrium with oxygen tensions of 20mm. At the lower tensions which 
doubtless exist in the tissues, dissociation would occur, thus providing the 
latter with oxygen. Haemocyanin may thus be regarded as a respiratory 
pigment which functions in a manner analogous to that of haemoglobin. 
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Whilst a comparison of these two proteins must be deferred until further 
experimental work has been carried out on the various conditions modifying 
the affinity of haemocyanin for oxygen, attention may be directed to the 
tendency of the curves in Fig. 1 to assume the S-shaped form characteristic 
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of the curve for haemoglobin. Should this form of the curve be confirmed by 
further work, an interesting analogy between the two proteins will appear 
and experiments will be carried out to ascertain if it is dependent on the same 
factors which are responsible for the double inflexion in the haemoglobin 


curve. 
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When a comparison is made between the oxyhaemocyanin dissociation 
curves for the four species examined it is found that whilst the oxygen 
capacities of the bloods differ widely in magnitude, the shapes of the curves 
show a close resemblance. If, further, the oxygen tension at which the haemo- 
cyanin is 50 % saturated is selected as a measure of its affinity for oxygen it 
is found, within the limits of experimental error, that identical values (14 mm.) 
are yielded by the four curves. The significance of these results becomes more 
evident when a composite curve, in which the percentage saturation is plotted 
against the oxygen tension, is drawn. This has been done in Fig. 3, omitting 
one reading for Homarus which is obviously erroneous (see Fig. 1) and also 
the higher oxygen tensions at which the haemocyanin is 100 °% saturated. The 
points all lie on a smooth curve which retains, and in fact emphasises, the 
S-shaped form mentioned above. Whilst, in the absence of corroboration of 
a different nature, we should hesitate to assert the identity of the haemo- 
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cyanins present in these species, these results, nevertheless, are very strong 
evidence in its favour. 

In this connection, reference may be made to a paper by Redfield and 
Hurd [1925] which appeared while this work was in progress. These authors 
utilised the blue colour of the oxyhaemocyanin itself for the colorimetric 
estimation of the percentage saturation, at various oxygen tensions, of the 
haemocyanin present in the bloods of Limulus and Loligo. The shapes of the 
two dissociation curves obtained in this manner show little resemblance, but 
when the curve for Limulus is compared with those obtained in this investiga- 
tion an unmistakable similarity is found to exist. This similarity extends, 
moreover, to the oxygen tensions at half saturation, the value for Limulus 
approximating to that given above. This corresponds not only with the fact 
that the animals are members of the same phylum, but also with the similarity 
in their habits and environment. 

It will be observed that the oxygen capacities as determined by the Van 
Slyke apparatus are somewhat higher than those obtained by Winterstein 
using a mercury pump. This may be connected with the causes which are 
responsible for the well-known discrepancy between the results obtained with 
the Van Slyke and the Haldane apparatus in the case of vertebrate blood. 
Nevertheless it must be emphasised that considerable variations in the 
haemocyanin content of the blood of different individuals of the same species 
do actually occur. This is evident, not only from the values which are given 
in the table, but also from the differences in’the intensities of the colour of 
the blood. 

Curves B and D in Fig. 2 show that the amount of oxygen physically 
dissolved in the blood of Cancer pagurus is almost the same as that dissolved 
in sea-water when in equilibrium with the same oxygen tension. With the 
other three species the agreement was even closer. This accords with the 
observations of various workers [Héber, 1922] that the freezing points and 
consequently the salt concentrations of the blood of marine invertebrates are 


practically identical with those of sea-water. 


SUMMARY. 


1. The dissociation curves of the oxyhaemocyanin present in the blood of 
Maia, Palinurus, Cancer and Homarus have been plotted from determinations 
of the oxygen capacities of blood equilibrated with oxygen at various tensions. 

2. The affinity of the haemocyanin for oxygen is the same for all four 
species. 

3. The results show that haemocyanin is capable of exercising respiratory 
functions in a manner analogous to haemoglobin, and suggest that the 
haemocyanins present in the species examined are identical. 


We should like to take this opportunity of thanking the Committee of 
the British Association for the use of tables at the Marine Biological Labora- 
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Since Stewart [1899] first described the changes occurring in suspensions of 
cells subjected to the action of lysins, numerous investigators have applied 
his methods, with various modifications, to the same and similar subjects. 
With the application of the methods to the changes occurring in suspensions 
of erythrocytes we are particularly concerned, for some of the findings vary 
from each other, as well as from the results obtamed by other methods. 

The available methods for studying conductivity are three in number— 
the Kohlrausch method, the rotating commutator method of MacGregor, and 
the method of the ballistic galvanometer. The last is only of use as a final 
resort in certain special cases, since the effects of polarisation are not excluded. 

The Kohlrausch method as used by Stewart in his original researches is 
open to grave objection. In the first place, the use of heavily platinised elec- 
trodes is a disadvantage as well as a necessity, for considerable error may be 
introduced when solutions containing substances such as the serum proteins 
or saponin are employed, since they may be deposited on the electrodes, 
thereby altering the resistance. This difficulty is overcome by Brooks [1923] 
who uses blank electrodes, and obtains the necessary improvement in the 
telephone minimum by the insertion of a variometer in the bridge circuit, as 
was also done by Osterhout and others. The method suffers from the dis- 
advantage that it is dependent on the observing of a minimum of sound 
produced by the exact position of a sliding contact, interpolations between 
the effects produced by two different positions of the slider being impossible: 

The remaining method avoids these faults. The electrodes do not need to 
be platinised, though platinised electrodes which have been heated have an 
advantage over polished electrodes; provided the commutator is run at a fair 
speed, polarisation is as completely elimimated as in the Kohlrausch method, 
galvanometer readings replace the subjective determination of a sound- 
minimum, and interpolation to any desired degree of accuracy is possible. 

With the selection of a suitable electrical apparatus for the measurement 
of the conductivities the difficulties do not end, for it is necessary that the 
cell-containing fluids shall be such as will lend themselves to accurate measure- 
ment. Stewart used defibrinated blood as the basis of his experiments, the 
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cells being thus suspended in serum. This is not an ideal suspension medium 
for conductivity work; the cells are too numerous, rouleaux are present, 
sedimentation is rapid, the suspension is thick and difficult to remove from the 
electrodes, and the presence of the serum introduces fallacies, not only by 
the contained proteins inhibiting some forms of lysis, and by their tendency 
to be adsorbed on the electrodes, but because of their liability to spontaneous 
alterations of conductivity [Paoli, 1922]. Better results are obtained from 
suspensions of cells in saline, in which these fallacies are not encountered. 
‘The effect of any one of the above-mentioned factors in occasioning error may 
be small, but their added effects very great indeed. 

Details of the apparatus employed, which was specially made to reduce 
these disturbing influences to a minimum, are given below. 

The Rotating Commutator. One great advantage of the rotating commu- 
tator method is that, since the telephone is replaced by a galvanometer, the 
exact balancing resistance of the Wheatstone bridge can be interpolated from 
the deflections observed when resistances on either side of it are inserted. The 
galvanometer may be of any desired sensitiveness or the deflection for 1 ohm 
difference may be varied by alteration of the voltage. Moreover, the fact 
that a series of observations on both sides of the zero should give consistent 
results affords a valuable check. 

The method was first described by MacGregor, was employed by Fitz- 
gerald, and later by Whetham. The earlier forms of commutator were not 
very satisfactory in use, and several years ago one of us devised a pattern 
which obviated the defects. This model was shown at the Royal Society of 
Edinburgh, and at the International Congress of Physiology in Edinburgh, 
1922. A brief description may be given. An ebonite cylinder of 10 cm. 
diameter and 3-5cm. length is mounted on a ball-bearing axle. On the 
periphery are mounted a number of brass plates, moderately tapered, so that 
the gaps between them are wider at the one end of the cylinder. The drum 
now in use has 22 such plates, although for certain purposes the number 
should be a multiple of 4. After being fixed the plates are divided, giving in 
effect two coaxially mounted cylinders with the corresponding tapered plates 
all accurately oriented. Two concentric brass rings are let into each end of the 
cylinder, and the plates connected alternately to the outer and inner rings of 
the corresponding end. Contact with the plates and rings is made by brushes 
of fine brass wire or thin brass sheet. The brushes on the plates are placed so 
that when one is in contact with one plate, the other is in contact with a plate 
of the alternate series, so that, on rotation of the drum, a direct current applied 
to the rings is taken off by the plate brushes as an alternating current. This is 
led to the conductivity apparatus, from which it is taken back to the other 
end of the drum, where it is reconverted to a direct current and is led to the 
galvanometer. The end with the broader plates is used as the alternator, the 
object of the taper being to secure that the galvanometer contacts are made 
after, and broken before, the corresponding contacts on the alternator. 
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The Conductivity Cell. The cell used for these determinations was made for 
the special purpose in view. It consists of a glass tube of 6 mm. bore, the 
small platinum electrodes being placed vertically with their lower edges about 
10 mm. from the bottom of the tube; with 1-cc. of liquid in the cell, the level 
of the liquid is 10 mm. above the tops of the electrodes. The part of the tube 
where the electrodes and their side tubes are situated is slightly blown out, 
so that a pipette can be passed to the bottom of the cell without contact with 
the electrodes. By these means, irregularities due to settling of suspensions 
on the electrodes and to sedimentation are reduced to a minimum. The 
electrodes should be grey, very slightly platinised. 

Method. The conductivity cell is immersed in a thermostat, a large rect- 
angular glass vessel electrically heated and controlled, the contents of which 
are stirred by a current of air. The temperature in these experiments was 
maintained at 25°. 

In place of a bridge with a sliding contact, two resistance boxes are used. 
It is a convenience to keep the one box constant throughout and of the same 
resistance as the box in the cell circuit, so that the resistance of the cell, when 
balanced, is the same as that of the second box. The exact balancing resistance, 
to fractions of 1 ohm, is obtained by interpolations from the galvanometer 
deflections. The latter, of course, can be varied at will by altering the voltage 
applied. 

The galvanometer employed is a Paul unipivot instrument of 7320, with 
a centre zero. 

One very necessary precaution is to be mentioned. When the liquid in the 
cell is changed to another of different conductivity, the electrodes must be 
soaked repeatedly—some three or four times—with fresh portions of the fluid. 
If this is not done, errors of a magnitude greater than the differences one 
requires to measure may be introduced, and failure to carry out this soaking 
may completely invalidate results. 


RESULTS. 

We propose to present the results as a series of illustrative experiments, 
representative of a large number. It may be well to point out at the beginning 
the object of the experiments. As a result of some of the earlier work, it is 
generally held that conductivity measurements of cell suspensions at various 
stages of lysis by various haemolysins show that the haemoglobin and the 
electrolyte of the red cell may be liberated independently of each other, and 
that, in some cases, the pigment may escape while the electrolyte is retained. 
Such results are used to support the idea that the haemoglobin and electrolyte 
are combined to a cell-stroma, the existence of which, however, is made 
doubtful by other researches. The accuracy of this early work is scarcely 
sufficient for conclusions of such importance to be based upon it; we have 
therefore repeated the fundamental experiments with the superior methods 
at our disposal, in order to find to what extent the usually accepted facts are 
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correct, as well as to see if any alternative explanation of the observations 


can be offered. 


|. Effect of saponin on saline. ‘ 
Normal saline es 0-01515 
Plus saponin fn 0-01517 


The amount of saponin added was about 5 mg.; the saponin used being 
Merck’s purest. The effect on the conductivity of the saline is seen to be 


negligible. 


2. Effect of addition of water to cell suspension. 

The cell suspension used in this and other experiments was prepared by 
suspending the washed cells from 1 cc. of human blood in 5 ce. of normal saline 
(0-85 % NaCl). Such a suspension is of convenient strength, but it is to be 
noted that it contains fewer cells than the defibrinated blood used by Stewart 
in his work. Serum proteins are, of course, absent. The conductivity of this 
suspension was first taken alone, after which a known volume of water was 
added in order to produce laking of the cells. The conductivity was then again 
measured, and thereafter saponin (about 5 mg.) added to bring about complete 


lysis. Again the conductivity was ascertained: 
i g y 


K 
Normal saline 0-015180 
Plus 2 vols. H,O 0-005572 
Suspension 0-013600 
Plus 2 vols. H,O 0-005325 Lysis 51 % 
Plus saponin 0005648 


It is clear that as some of the cells haemolyse, electrolyte passes out of 
them along with the haemoglobin, for the diluted suspension, had no lysis 
occurred, should have given x = 0-004991. All the electrolyte does not escape 
from the cells of the suspension, as shown by the further increase of conductivity 
on the addition of saponin, which produces complete lysis; this is simply 
because only about half the cells were laked by the two volumes of water. 
On the other hand, the lysis of the first 50 % of the cells by the water gives 
very nearly the same increase of conductivity as does the lysis of the second 
50% by the saponin, and there appears no evidence that electrolyte is re- 
tained in the haemolysed cell, dnd that it is not liberated as freely as is the 
pigment by the action of the water. Stewart does not seem to have taken into 
account the fact that, on his additions of various amounts of water to the cells, 
only a certain percentage haemolysis must have resulted, and when he says 
that it is possible, by the addition of a large quantity of water to bring out of 
the corpuscles as great a quantity of electrolyte as by any other method of 
laking employed, e.g. saponin, it would appear that the facts might be equally 
correctly accounted for by saying that a sufficiently large quantity of water 
will lake as many cells as will saponin, and therefore liberate as much electro- 
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lyte. Stewart adds as much as six volumes of water to defibrinated blood— 
an amount which will produce complete lysis—but at the same time most of 
his results are for volumes of water which do not produce complete lysis; there 
is, however, no note of the amount of haemolysis in each case, nor is this 
taken into account. 

Take this similar experiment: 


‘ 
Normal saline 0-015590 
Plus 1 vol. H,O 0-008408 
Suspension 0-014434 
Plus 1 vol. H,O 0-008019 Lysis 28 % 
Plus saponin 0-008612 


The conductivity of the suspension diluted with one volume of water, 
had there been no lysis, may be calculated to be « = 0-007789. The increase 
of conductivity for the first 28 % haemolysis is 0-00023, and that for the re- 
maining 72 % 0-000593. This is to be taken as an indication that the action 
of saponin is to liberate electrolyte from the cells unhaemolysed by the water, 
rather than to liberate retained electrolyte from the stroma of laked cells. 
It will be noted that the ratios 28 : 72 and 0-00023 : 0-00059 are very nearly 
the same, as they should be if our explanation is correct. 


3. Saponin haemolysis. 

We are able to confirm Stewart's finding that saponin liberates all the 
available electrolyte from the cells, provided, of course, that there is enough 
lysin present to produce complete haemolysis. If there is insufficient, an 
amount of electrolyte proportional to the number of cells haemolysed is 
liberated. 


t. Complement-amboceptor haemolysis. 
In this form of lysis, Stewart finds that the electrolytes are retained in the 


cells after the haemoglobin has escaped. Our results are shown in the following 


experiment: 


K 
Normal saline... sei io sca ne 0-014240 
Suspension plus complement and amboceptor 0-01203 
increasing to 0-01211 
0-01217 
and 0-01220 Complete lysis 
Plus saponin _... vs ae es i 0-01307 


This is not dissimilar to the findings of Stewart. The lysis of cells by the 
complement-amboceptor system results in a very small change of conductivity 
an increase of 0-00017—whilst the addition of saponin to the completely 
laked cells gives a further increase of 0-00087. On Stewart’s hypothesis, this 
fact would be explained by a liberation of electrolyte from the ghosts by the 
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saponin, it being considered that the passage of haemoglobin from the cells 
is not accompanied by the passage of any large portion of the electrolyte. 

It is, however, possible that the saponin has some effect on the liberated 
haemoglobin. Stewart was unable to find evidence for the existence of a 
compound, split by dilution, between haemoglobin and electrolyte, but there 
may be such a compound nevertheless, and it may be split by saponin. It 
has been shown that the addition of saponin to saline produces no appreciable 
change of conductivity ; it now remains to be shown whether or not the addition 
of saponin to haemoglobin, as derived from laked cells, produces any alteration. 

The cells of the suspension used were laked by the addition of an appropriate 
amount of complement and amboceptor, and the laked fluid passed through a 
Berkefeld filter. In the filtrate, it may be taken that no ghosts were present; 
apart from dilution, on the other hand, the condition of the haemoglobin and 
the electrolyte would be unaltered. To this filtrate saponin was added, with the 


following result: ; 
Filtrate  ... oa Ff 0-004864 
Plus saponin i uf) 0-004961 


This is an increase of about 2 %. It is to be noted that the concentration 
of this filtrate, both in electrolyte and in haemoglobin, is considerably less 
than that of the laked fluid resulting from the complement-amboceptor 
haemolysis, the concentration in the case of the filtrate being about one-third 
of that of the latter fluid; the 2 % alteration in conductivity on the addition 
of saponin is thus a very considerable one. Assuming, as appears necessary, 
that there is a compound between the haemoglobin and electrolyte, which is 
partly or completely broken down by the action of saponin, the change of 
conductivity in the fluid derived from complement-amboceptor haemolysis on 
the addition of saponin can be explained quite well without the necessity of 
postulating the iiberation of electrolyte from haemolysed ghosts, for when 
we take into account the dilution of the filtrate, there is no difficulty in arriving 
at the 8 % alteration in the complement-amboceptor experiment. 

This dilution, moreover, may explain why the alteration in the filtrate is 
as small as it is (2 %), for the dilution of the haemolysed fluid by water appears 
to be responsible for the splitting off of-a certain amount of the electrolyte 
from the haemoglobin. In (2) above, the addition of saponin to cells partly 
laked by water does not appear to do more than lake the remaining cells 
there is no necessity to call in an action on the haemoglobin to account for 
the final alteration in conductivity, presumably because the very addition of 
water has accomplished the greater part of the splitting. We do not wish, 
however, to lay stress on this: point, for the differences are small; on the other 
hand, they are large enough to warrant attention being called to them, and to 
justify the suggestion that the true explanation of the results lies in there 
being a compound between haemoglobin and electrolyte, which compound 
is broken down, with the liberation of electrolyte, either by dilution with 
water, or by the addition of saponin. 
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5. Heat haemolysis. 
We have been unable to confirm Stewart's results for the change of con- 
ductivity of heated suspensions, since we have found that heating suspensions 
or defibrinated blood to the temperature he mentions results in the formation 
of a thick fluid full of precipitate, and quite impossible to subject to accurate 
measurement. Even heating to much lower temperatures gives solutions which 
are very unsatisfactory for conductivity work. In this connection, however, 
one point may be recorded. The heating of a filtrate of laked cells is sufficient 
to change its conductivity appreciably, as the following figures show: 


c 
Filtrate saa $36 ‘ 0-004864 
Heated to 60° ss ss 0-004941 

This is nearly a 2 % difference, and as it occurs with a dilute solution of 


haemoglobin, the changes occurring in defibrinated blood or in a concentrated 
cell suspension are such as cannot be ignored. 

In this paper we have purposely omitted to make freezing-point measure- 
ments, as these are generally admitted to be very unreliable in experiments 
of this sort, and as such measurements, owing to their inferior accuracy, are 
of little value in checking conductivity estimations. We have also purposely 
ignored the points made by Brooks [1925] in his theoretical paper on the sub- 
ject; not that we do not agree entirely with his conclusions, but because they 
do not affect the essential pots which we wish to emphasise. 

In order to enable anyone to convert the specific conductivities in which 
these results are expressed into actual resistances, we give the cell constant 
as 0-6976. 

CONCLUSIONS. 

1. The liberation of electrolyte from red cells during haemolysis by water 
is such as may be explained by each cell giving up the electrolyte contained 
in it, liberation of electrolyte bemg proportional to the percentage number of 
cells haemolysed, and complete when haemolysis is complete. 

2. In the case of complement-amboceptor haemolysis, the full amount of 
electrolyte does not appear to be liberated. This is due to some of the electro- 
lyte passing out of the cells combined with haemoglobin, from which it can 
be split off by the addition of saponin, and also, to some extent, by heating. 

3. There appears no necessity to postulate that electrolyte is retained in 
any quantity in the haemolysed cells, after the liberation of haemoglobin. 


This research was carried out during the tenure of a Crighton Research 
Scholarship by one of us (E. P.). The expenses Were defrayed by a grant from 
the Royal Society. 
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Tue thyroid plays a significant part in the mechanism of growth and develop- 
ment, its secretion being “the most powerful stimulant of body metabolism 
known” [Sharpey-Schafer, 1924]. 

saumann [1895] discovered that iodine is normally present in the thyroid 
gland and Kendall obtained from the gland a substance, thyroxin, in pure 
crystalline form which contains over 60 ° of iodine and has been shown to 
possess most of the properties of thyroid extract [ Kendall, 1919, 1, 2) 

The notable work of Marine [1923] and his colleagues on the beneficial 
use of iodine in the treatment of endemic goitre in the human subject is well 
known. Clinical investigators report pathological changes in the thyroid glands 
of children who had died in a “marasmic” condition and note the beneficial 
effects accruing from thyroid extract treatment [Simpson, 1910]. 

Examples of thyroid diseases occurring in domestic animals are given by 
Ennis Smith [1917] who describes the condition known as “hairless pig 
malady,” and by Kalkus [1920] who gives an account of goitre and associated 
conditions occurring in horses, cattle, pigs and sheep in certain districts of 
America. Both these workers emphasise the value of potassium iodide as a 
therapeutic agent in the conditions they describe. 

Numerous workers have dealt with the action of thyroid extract and of 
thyroxin but there is little experimental work which measures in a quantitative 
manner the effect of simple iodine compounds on metabolism. A summary of 
the experimental work on the action of iodine or iodides is given by Barbour 
[1924], who refers to work on the influence of iodides on basal metabolism, 
the results of which were negative, and to work by Christoni who states that 
iodides may increase the excretion of urea, total nitrogen, uric acid, purine 


bases and chlorides. 

In recent years Orr and his co-workers have been carrying out an extensive 
study of the mineral requirements of animals. Special attention has been paid 
by Husband, Godden and Richards [1923] to the influence of certain oils on 
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the absorption and retention of nitrogen, calcium and phosphorus in growing 
pigs. Their results seem to indicate that cod-liver oil (which contains iodine) 
exercises a beneficial effect on the nitrogen as well as on the retention of calcium 
and phosphorus. Further unpublished data afford evidence that this beneficial 
effect on the nitrogen retention may be due, to some extent at least, to the 
iodine content of the cod-liver oil. 

From the foregoing considerations it has been assumed that iodine is an 
essential constituent of every well-balanced diet, and it was decided to add 
small quantities of potassium iodide to normal cereal rations and observe the 
effect on the mineral metabolism of the growing animal with special reference 
to nitrogen, phosphorus and calcium. 


EXPERIMENTAL. 


Young male pigs from 2-4 months old were used. In each separate experi- 
ment the experimental and control pig were from the same litter and were 
comparable as regards weight and general condition. The methods, described 
by Husband, Godden and Richards [1923], for feeding the animals and for 
collection of excreta were followed throughout each experiment. 

The urine and faeces were collected over 48-hour periods and duplicate 
analyses of nitrogen, phosphorus and calcium were made on each of those 
2-day samples. 

Four experiments were carried out. It was the aim to divide each into a 
“ pre-period,” feeding basal ration only, an “iodine-period” with basal ration 
plus potassium iodide, and a “ post-period”” during which the potassium iodide 


‘ 


was withdrawn. 

A control pig, on the basal ration only, was carried on simultaneously with 
each experimental pig, except in the case of Exp. 4. The average length of 
each period was 14 days. 

Total nitrogen was determined by the Kjeldahl method; calcium by pre- 
cipitation as oxalate and titration with N/10 KMnO,; phosphorus by the 
Pemberton-Neumann method as described by Richards and Godden [1924]. 


Basal Ration. 


The basal ration used for all pigs consisted of oatmeal, maize, blood-meal 
and either barley-meal (Exps. 1 and 2) or sharps (Exps. 3 and 4). The following 
figures show the average composition of the foodstuffs and the proportions 
in which they were used. 


Average composition % 
A 





— aa 

Proportions Total N P,O,; CaO 

Oatmeal 10 parts 2-08 1-09 0-080 
Maize ie 1-45 0-69 0-009 
Barley-meal or CO 1-29 0-82 0-062 
Sharps _ 2-50 1-72 0-077 


Blood-meal 1 part 13-58 0-35 0-147 






OOOO Oe 





{TPO RAS 


a 


ERR. 





EFFECT OF KI ON THE GROWING PIG 561 


The above ration is deficient in calcium and it has been the experience 
here that growing pigs break down if fed on this ration alone. Therefore, in 
order to supply calcium adequate to the need of a growing pig, powdered 
chalk or a solution of calcium chloride, or both were added to the ration in 
the amounts shown along with the data for each separate experiment. Olive 
oil was added to assist regular defaecation, and, where calcium chloride was 
used, 10 g. sugar were given to mask the bitter taste. Distilled water was 
given to drink ad lib. ; 

In every case the iodine was added as a solution of potassium iodide. The 
exact intake of nitrogen, phosphorus and calcium is given along with the 
tables of experimental data (Tables I and II). 

Exp. 1. The amount of iodine added daily to the ration of the experimental 
pig was 0-19 g. It was given in the form of 25 cc. of a 1 % solution of KI. 


Weight in kg. 


es 
At beginning At end of 
Number of pig of experiment experiment 
798 experimental 16-8 25-9 
801 control 15-7 25-3 
Daily ration fed to each pig. 
Basal ration 775 g. 
CaCl, 25 ec. of 20 % solution=1-62 g. CaO 
CaCO, 6 g.=3-26 g. CaO 


10 ce. olive oil and 10 g. sugar. 


During the post-period the experimental animal had a tendency to eat 
its faeces, thus making the figures for that period somewhat unreliable. 
Exp. 2. This experiment was similar to the first with the exception that 
the olive oil and calcium chloride were withdrawn. The amount of iodine added 
daily to the ration of the experimental pig was the same as in Exp. 1. 
Weight in kg. 


—— 











oe 
At beginning At end of 
Number of pig of experiment experiment 
867 experimental 32-4 50-0 
866 control 34-1 50-4 
Daily ration fed to each pg. 
Basal ration 1550 g. 
CaCO, 10 g.=5-68 g. CaO 


As is shown in Tables I and II, it was clear from the first two experiments 
that the addition of iodine had some effect on the nitrogen and phosphorus 
metabolism. The generally positive nature of the results obtained in these 
two experiments made it desirable to test what effect a smaller dose of potas- 
sium iodide would have and to ascertain if possible what might be the minimum 
dose with which an effect could be obtained. 
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Exp. 3. In this experiment the amount of iodine added daily to the ration 
of the experimental pig was very much reduced. The amount was 25 cc. of 
0-26 % KI solution = 0-005 g. iodine. 


Weight in kg. 
SS 





~ a 
At beginning At end of 
Number of pig of experiment experiment 
1358 experimental 36-8 58-9 
1359 control 32-8 54-3 
Ration fed daily to each yg. 
Basal ration 1550 ¢. 
CaCl, 50 ce. solution =3-248 g. CaO 


10 ce. olive oil and 10 g. sugar 


Exp. 4. This was a continuation of Exp. 3 and consisted in carrying on the 
control pig as an “iodine” pig. After this pig had acted as a control as far 
as the end of the iodine-period in Exp. 3, 0-003 g. iodine (as KI) was added 
daily for 12 days. No increase in the balances was observed so it was decided 
to double that amount (0-006 g. iodine). This still failed to produce any effect 
but maintained the balances at the same level. Again at the end of 10 days 
0-5 g. KI (0-38 g. iodine) was added daily and this higher dose caused an 
immediate rise in all balances. There was no control in this case. 

The experimental data relating to these four experiments are summarised 
in Tables I and II. Table I gives the data for the “iodine” pigs and Table II 


those for the corresponding controls. 


DIscussION OF RESULTS. 


It seems advisable in discussing these results to group the four experiments 
together and lay emphasis on the aggregate effect over four experiments, 
rather than to take each one individually. In the following table the average 
retention of nitrogen, phosphorus and calcium in the pre-period has been 
subtracted from that in the iodine-period in each of the four experiments, a 
plus sign indicating an increased retention in the iodine-period and a minus 
sign indicating a fall in that period. For the control pigs a similar procedure 
has been adopted, the averages for a period corresponding to the pre-period 
in the experimental pigs being subtracted from the period corresponding to 
the iodine-period. The average increase or decrease in retention per pig in 
the iodine-period is shown at the foot of each column. In Exp. 4, the retention 
during the 0-006 g. iodine-period is subtracted from that during the 0-38 g. 
iodine-period. 

From a study of Tables I, Il and III it is apparent that on adding iodine 
an increase in the retention of nitrogen and phosphorus is the rule rather than 
the exception, whereas in the control pigs without iodine a fall in these balances 
is more general. The effect on the calcium balance is more difficult to gauge. 
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Table IIT. The average increase or decrease (in g.) in retention of nitrogen, 
phosphorus and calcium during the vodine-period. 








Experimental pigs. Control pigs. 
pane Se ay —_— Se eee 
Exp. Nitrogen P.O; CaO Nitrogen PO; CaO 
l +0-47 — 0-2] + 0-32 +0°36 +0-10 +0-13 
2 +0-75 + 0-59 + 0-67 —0-99 — 0-08 + 0-53 
3 + 1-04 + 0-46 + 0-77 — 0-03 — 0-74 + 0-56 
4 + 0-89 + 2-02 +0-31 No control 
Total + 3-15 + 2-86 + 2-07 — 0-66 — 0-72 + 1-22 
Average +0-78 +0-71 +0-52 — 0-22 — 0-24 +0-41 


Nitrogen Balance. 

That the action of iodine on the nitrogen metabolism has an immediate 
rather than a gradual effect will be seen from a consideration of Table IV. 

Here the figures for the nitrogen balances are given in greater detail. The 
retention over the last 8 days of the pre-period is contrasted with the retention 
over the first 8 days of the iodine-period, figures for separate 2-day analysis 
periods being shown. It is clear that the increase in retention takes place 
almost immediately on the introduction of iodine. In Exp. 4 the last 8 days 
of the 0-006 g. iodine-period are compared with the first 8 days of the 0-38 g. 
iodine-period. 


Table IV. Average daily retention of nitrogen in q. 


Exp. no. 
— 





—— - — 
1 2 3 4 
Pre-period, last 8 days 5-50 10-75 14-37 13-29 
5-26 11-77 13-37 13-24 
5-64 13-09 12-49 11-63 
5-47 10-46 10-94 12-39 
Todine-period, first 8 days 6-00 12-30 12-56 13-73 
6-16 13-04 14-57 13-47 
5-28 11-36 14-12 13-52 
6-60 12-21 13-94 12-81 
Notre. —-> indicates introduction of iodine. 


Exps. 2 and 3 are the only ones in which a consideration of the post-period 
is legitimate. The post-period in Exp. 1 is not considered since during this 
period the animal had a tendency to eat its faeces thus rendering the results 
unreliable; and in Exp. 4 no post-period without iodine was studied. 

It will be seen from Table I that, on the removal of iodine in Exps. 2 and 3, 
the average retention of nitrogen in the post-period fell back almost to the 
same figure as the average retention in the pre-period. 

Undoubtedly one of the functions of the thyroid gland is intimately con- 
nected with the capacity of the animal for proper growth, though the mechan- 
ism of this process is as yet unknown. The increased retention of nitrogen after 
the addition of iodine, observed in all these experiments, is an index of the 
inducement of better growth probably due to the stimulation of the thyroid 
gland by the iodine. Schafer [1912] has shown that addition of small amounts 
of thyroid tissue to the normal dietary of growing rats causes an acceleration 
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of growth and retention of nitrogen in the body. Though this is an experiment 
not strictly comparable with the feeding of iodine per se, the similar results 
obtained for the nitrogen balances in the experiments described show that 
no doubt the action of the thyroid tissue is in part due to its iodine content. 
Hesse [1924] from some 30 metabolism experiments on dogs found that on 
feeding sodium iodide increased excretion of nitrogen in the urine could always 
be produced. From Table I it will be seen that our results, in the main, 
confirm this finding. Hesse concludes from this that body protein is broken 
down, and that analyses of urine showing increased elimination of nitrogen are 
sufficient evidence for stating that there is a general decrease in the retention 
of nitrogen in the body. This may be so in full-grown animals, but it is 
unfortunate that no analyses of faeces are given by Hesse for without them 
erroneous conclusions are apt to be drawn. 

Many other workers refer to the growth-promoting effects of feeding 
alkali iodides or iodine in organic form, though these observations, made 
without actual measurement, are less precise. 

Hunziker [1920] noted a marked difference in the height of children given 
iodine from that of children not exposed to its influence. Horses suffering 
from lymphangitis when fed on sea-weed, which is rich in iodine, put on 
weight remarkably and were restored to normal health [ Adrian, 1918]. 

In a feeding experiment on calves carried out on the farm at this Institute 
it has been found that a group of 12 calves getting potassium iodide in their 
ration gained, in the same time, three and a half hundredweights more than 
a similar group which had no iodine. 

In our experiments the periods are too short to admit of a comparison 
between rates of growth or increase in weight in one period over another, 
but it is significant that throughout the whole experiment the “iodine” pigs 
grew generally better than the controls with the exception of those in Exp. 1. 

Table V shows the total increase in weight during the entire experiment. 
It will be seen that in two cases the “iodine” pigs put on an average of | kg. 
more than the controls in the same time. 


Table V. Total increase in weight (kg.) during each entire experiment. 


Exp. no. 


Vua-—=_—_—>_—>» A—_—_———_——_ ~ 

2 3 
Experimental pigs 9-1 17-6 22-1 
Control pigs 9-6 16-3 21-5 


Phosphorus Balance. 

Corresponding with the nitrogen figures there is an increase in the retention 
of phosphorus on the addition of iodine to the ration. This is not so marked 
as in the case of nitrogen, but that it is none the less definite is seen when one 
compares the phosphorus balances in the “iodine” pigs with those of the 
controls. Leaving out Exp. 4, where the rise in the phosphorus balance seems 
abnormally high, we find that in experimental pigs there is an average increase 
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in retention of 0-28 g. in the iodine-period over that in the pre-period, whereas, 
in the controls, with the exception of Exp. 1, for a corresponding period a 
decrease in retention took place. The average retention of phosphorus in the 
post-period, in Exp. 2, fell back to a figure comparable with that in the pre- 
period, whilst in Exp.3 no such drop was apparent, the retention being main- 





































tained as in the iodine-period. 


Calcium Balance. 


In every case the calcium balance throughout the entire experiment was 
on the ascendant in both “iodine” and control animals, thus making any 
further increment, which might possibly be due to iodine, difficult to observe. 
On the average, however, as seen in Table III, the increased retention during 
the iodine-period in the experimental pigs was higher than the increase for a 
corresponding period in the controls. 


Amount of Iodine required to give a Positive Result. 


The daily amount of potassium iodide used in these experiments varied 
from 0-5-0-0039 g. (from 0-38-0-003 g. iodine). In Exps. 1 and 2 the amounts 
of actual iodine used were equivalent to 0-025 % of the ration, and in Exp. 3 
to 0-00032 %. In Exp. 4 a dose equal to 0-00019 % of the food failed to 
produce an effect. This was doubled and fed for 10 days, but it was not until 
the percentage was raised to 0-025 g., as in Exps. 1 and 2, that an effect 
became apparent. Sufficient experiments using varying amounts have not 
been carried out to enable us to state definitely what is the least amount with 
which one can obtain an effect. The animals used in these experiments had not 
been fed with any iodine-rich food (such as fish-meal) before they were used 
for the present study and in considering the results it must be borne in mind 
that in some cases the iodine store in the thyroid gland might not be so high 
as in others. 

Uncompleted studies on the iodine content of thyroid glands of pigs show 
marked variation in the amounts stored; -and in the present experiments it is 
legitimate to assume that individual animals would react differently to 
different doses, those with a depleted initial store requiring only a minute 
dose to give an effect, whilst exceedingly healthy animals, such as the pig used 
in Exp. 4, seem to require a relatively large dose before any change becomes 
apparent. No toxic symptoms due to iodine were observable in any of the 
animals used. 

These results point to the necessity for ensuring that a sufficiency oi iodine 
is present in synthetic r\tions which are presumed to contain all the known 
essential constituents of food. This precaution, which apparently has not been 
taken in some experimental work published in recent years, is of special 


importance when cod-liver oil and green food are being used. The physiological 
effects of the unknown constituents of cod-liver oil are being widely investi- 
gated at the present time; and the experiments described in this paper seemed 
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desirable when one considers that this oil is relatively very rich in iodine, 
containing on an average 0-001 %. Weight for weight this is 1000 times more 
than is usually present in the commoner foodstuffs such as cereals where, as 
a rule, it is present only in traces [Forbes, 1916]. Green vegetables occupy 
an intermediate position between cod-liver oil and cereals as regards their 
iodine content, and Forbes concludes that they are the most important source 
of iodine in the human dietary. They contain about one-hundredth of the 
amount usually present in cod-liver oil, though Fellenberg [1923] estimates 
the iodine content of some green vegetables at more than a thousandth of that 
amount. 

McCarrison [1920], in certain of his experiments on deficiency diseases, 
describes the effect of onions in restraining the tendency to thyroid hyper- 
plasia in pigeons which were fed on a deficient diet. He states that this effect 
may have been due to the enrichment of the dietary in iodine which onions 
may have afforded, though he is not inclined to support that view. It is 
significant, however, that onions stand fairly high among vegetables in their 
iodine content [Forbes, 1916]. It is, of course, recognised that the well- 
known effects on nutrition of cod-liver oil and green food cannot be attributed 
entirely to iodine; but it is suggested that when these substances are added 
to iodine-free rations the possible effect of their iodine content should be 
considered. 

Summary. 


1. Small amounts of iodine, as potassium iodide, added to the cereal rations 
used, led to an increased assimilation and retention of nitrogen and phosphorus 
in young growing pigs. Though the nitrogen and phosphorus retentions ran 
parallel to each other the effect of iodine was usually more marked in the case 
of nitrogen. 

2. There was also some evidence of an increased retention of calcium, but 
this was less definite. 

3. The amount of iodine required to obtain this result varies with individual 
animals, and probably depends on the type of diet fed previous to the experi- 


ment. 


I desire to express my indebtedness to Dr J. B. Orr, Director of the Rowett 
Institute, who suggested this work; also to Mr Godden in whose department 


the work was carried out. 
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From the Rowett Research Institute, Aberdeen. 
(Received May 29th, 1925.) 


DurineG the past few years a considerable amount of work has been done on 
the mineral metabolism of lactating animals. A review of the recent literature 
is given by Meigs [1922]. 

It has been found that, during a large part of the period of lactation, the 
heavy milking cow usually suffers a loss of certain mineral elements from her 
body. The negative balance of calcium may continue even though there is an 
abundance of this element in the ration [Forbes and others, 1922]. There is 
evidence to show that privation of calcium adversely affects reproduction in 
cows [ Hart, Steenbock and Humphrey, 1920], and it has been suggested that 
the disturbance of equilibrium in mineral metabolism is a predisposing cause, 
not only of sterility and abortion, but also of several other diseases to which 
dairy cows seem specially liable. 

During the last few years work on metabolism in lactation has been carried 
out at this Institute. Some of the data which have been accumulated seem to 
indicate that the rate of assimilation of calcium and phosphorus is greater in 
summer than in winter, and the difference cannot be wholly accounted for by 
variations in the composition of the diet. Recent work on the influence of 
ultra-violet rays on nutrition suggested that these rays might be the unknown 
factor, and that they might have an influence on the assimilation of calcium 
and phosphorus in the lactating animal. The results of some preliminary work 
showed that the exposure of cows to ultra-violet rays from a carbon are lamp 
had no marked immediate effect on milk yield. In work with growing pigs, 
however, it was found that, on certain diets at least, exposure to the rays of 
the carbon are lamp very markedly increased calcium and phosphorus re- 
tention [Orr,-Henderson and Magee, 1924; Henderson, 1925]. It was thought 
that ultra-violet rays might have a similar influence in mature animals with a 
very active mineral metabolism. An investigation on the effects of ultra-violet 
rays on the calcium, phosphorus and nitrogen balances during lactation was 
therefore carried out. 

It was originally intended to defer publication of the results referred to in 
this paper until certain other investigations of a kindred nature were completed. 
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Meanwhile, however, Hart, Steenbock and Elvehjem [1924] have published 
results which show that ultra-violet rays may convert negative balances of 
calcium and phosphorus in the lactating goat to positive balances. As this 
influence of ultra-violet rays on the mineral metabolism during lactation is of 
very great potential practical importance, it was thought that the present 
note confirming the findings of these workers should be published. 


EXPERIMENTAL. 

This note deals only with the calcium balance, which is the one of greatest 
practical importance, and gives the details of only one experiment. Figures 
summarising the results of the other two experiments which differ only in 
detail are included in Table III. 

Methods. The experimental work was done on goats as they are more 
convenient subjects for balance experiments than cows. 

The diet consisted of 900 g. hay, 300 g. oatmeal and 50 g. linseed meal. 
Preliminary tests showed that this diet, both in composition and amount, 
suited the goat’s appetite at the beginning of the experimental period. During 
the period of irradiation the appetite improved and 100 g. oatmeal per day 
were added to the diet from the sixth day of irradiation onwards. The necessary 
precautions were taken to ensure that the exact intake of calcium and phos- 
phorus for each day should be known. 

The goat was kept in a pen for 3 weeks before the experiment was begun, 
to accustom it to confinement and to the experimental ration. It was then 
confined to a metabolism cage. Collection and analysis of excreta were carried 
out for a total period of 54 days. From the 13th to the 34th day the animal 
was irradiated for a total period of 4 hours per day at a distance of 4 feet, 
about a sixth of the animal’s body being exposed to the rays at a time. 


RESULTS. 


Table I. Calcium balance in g. for three-day periods. 





Intake Output Balance 
Periods Ca Ca Ca 
Pre-period 15-09 16-33 — 1-24 
15-09 16-60 —1-51 
14-75 14-60 +0-15 
14-92 15-09 —0-17 
Irradiation period 15-60 + 0-25 
15-58 + 2-99 
15-89 +0-14 
15-85 —0-39 
15-89 —1-16 
15-89 +1-17 
15-89 +1-05 
Post-period 15-78 16-02 — 0-24 ° 
15-72 15-85 -—0-13 
15-89 18-24 — 2-35 
15-89 17-46 — 1-57 
15-89 16-28 —0-39 
15-89 16-29 — 0-40 
15-89 15-43 + 0-46 
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Table II. Average daily balances (Ca in q.) in the pre-, irradiation- and 
Y { 7 ) 
post-periods. 


Pre- Irradiation Post- 
period veriod veriod 
F I I 

— 0-24 +0:16 — 0-22 


Table III. Alteration in the balances produced by irradiation. 


ixp. | Exp. 2 Exp. 3 
‘ | cas vA ——— 7 — ———-“. —— oT! oo A 
Daily averages Pre- Irradiation Pre- Irradiation Pre- Irradiation 
in g. Ca period period period period period period 
Intake 4-98 5-27 8-38 8-38 6-55 6-53 
Faeces 3-97 3°85 8-41 8-24 6-20 5:80 
Output! Urine 0-21 0-20 0-09 0-09 0-29 0-30 
: pe 1-04 1-07 0-29 0-25 0-30 0-44 
Total 5°22 5-11 8-79 8-58 6-80 6-54 
Balance — 0-24 + 0-16 0-41 0-20 — 0-25 — 0-01 


Table IV. G. of calcium per 100 cc. milk (first and third experi:nents*). 


Pre-period Irradiation period Post-period 
0-168 0-171 0-167 
0-177 0-184 0-181 


* The figures for Exp. 2 are not available, as washings with distilled water 
were added to the milk before analysis. 


DIscussIoNn. 

In the first experiment, under the influence of the irradiation an average 
negative balance of 0-24 g. per day was changed to a positive balance of 0-16. 
In the second a negative balance of 0-41 was reduced to 0-20, and in the third 
a negative balance of 0-26 was reduced to 0-01. In Exps. 1 and 3 these reduced 
net losses of calcium occurred concurrently with increased secretion of milk. 
The gain in calcium absorption and retention is almost entirely accounted for 
by reduced excretion in the faeces, as is shown in the following table. 


Table V. Ca intake minus excretion in faeces (average per day in g.). 


Period Exp. 1 Exp. 2 Exp. 3 
Pre-period 1-01 — 0-03 0-35 
Irradiation period 1-42 0-14 0-73 


Thus, under the influence of irradiation, there is either increased absorption 
from the intestine or decreased excretion into the intestine. The same result 
was obtained by us in growing pigs subjected to irradiation [Orr, Henderson 
and Magee, 1924]. This decreased excretion of calcium in the faeces under 
the influence-of irradiation has since been noted by Hart, Steenbock and 
Elvehjem [1924] in goats, and by Webster and Hill [1925] in rats. 

It has been generally believed that calcium is excreted chiefly by the large 
intestine. The work of Telfer [1923], however, makes it appear doubtful 
whether, normally, calcium is excreted into the intestine in appreciable 
amounts. In his experiments he regards the calcium of the faeces as chiefly, 
if not entirely, unabsorbed residue. The work of our colleagues and ourselves 








572 J. B. ORR, H. E. MAGEE AND J. MacA. HENDERSON 


on the factors affecting the retention of calcium and phosphorus in growing 
animals tends to confirm Telfer’s conclusion. The results of the above experi- 
ments, therefore, afford further evidence in favour of the view previously put 
forward, that the beneficial effect of ultra-violet light and also of oils on the 
assimilation of calcium is probably due chiefly to their influence in increasing 
the percentage of calcium which is absorbed from the intestine [Husband, 
Godden and Richards, 1923; Orr, 1924; Henderson, 1925]. 

There was a slight increase in the percentage of calcium in the milk during 
the period of irradiation. The data are too meagre to warrant any definite 
conclusion. They are interesting, however, in the light of results obtained by 
Hess, Unger and Supplee [1920]. These workers found a marked difference 
between the percentage composition of the ash of milk of stall-fed cows on an 
antiscorbutic-free diet and that of the same cows on pasture. The percentage 
of calcium in the former case was 0-138 (as CaQ) and in the latter 0-165. These 
workers, while not expressing any definite opinion, suggested that the differ- 
ence might possibly be due to the antiscorbutic vitamin of the pasture. In 
view of our results it is probable that the difference noted by them may have 
been due, partly at least, to the influence of sunlight while the cows were on 
pasture. 

SUMMARY. 


In three balance experiments on lactating goats it was found that irradia- 
I 88 
tion of the animals by the carbon are lamp reduced the loss of calcium from 


the body. 
Leaving out of consideration the amounts contained in the milk secreted, 


the reduction was entirely accounted for by decreased excretion in the faeces; 
the urinary excretion remaining practically constant. 
It is suggested, therefore, that irradiation by the carbon arc lamp caused 


an increased absorption of calcium from the intestine. 
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(Received June 2nd, 1925.) 


In the early method of Zuntz [1867] and its various modifications by Lassar 
[1874], Jaquet [1892], Loewy [1894], Wright [1897] and Snapper [1913] a 
dilute solution of acid was added to a known volume of serum until a drop 
of the mixture changed the tint ef an indicator paper, litmus, lakmoid or 
neutral red as the case might be. The particular end-point depended upon the 
predilection of the observer. In terms of modern physical chemistry, the 
serum was titrated to an arbitrarily chosen pj. 

Hans Meyer [1883] pointed out 42 years ago that the alkalinity of serum, 
determined in this way, was a function of the indicator employed, and further 
that the amphoteric proteins took part in the reaction. He came to the con- 
clusion that the only definite and important measurement of blood alkalinity 
was its CO, combining power. The general use of the gasometric method of 
Van Slyke and Cullen [1917] indicates the recognition of the soundness of 
Meyer’s reasoning. 

It is difficult to say what is the pg of a drop of serum which just changes 
the colour of red litmus paper because of the considerable “salt” error of 
azolitmin. Kolthoff [1922] found the error to be as much as + 1-0 py in the 
presence of 0-5 normal NaCl; that is the hydrogen ion concentration was ten 
times what the colour indicated. The more the NaCl is concentrated in the 
drop by evaporation the greater will be the salt error. We find that a sensitive 
glazed red litmus paper is slightly blued when a drop of M/15 phosphate 
solution of py 6-50 remains upon it for a few minutes, but is not allowed to 
dry. A similar solution of py 6-45 does not produce an appreciable alteration 
of colour. It would appear, therefore, that one is titrating to an end-point of 
Py 6:47 but as the phosphates are concentrating all the time in the drop, the 
real py will be a little lower from the increasing “‘salt error” of the azolitmin. 

Titration even to 6-5 indicates an alkalinity of the blood considerably 
greater than that determined gasometrically. In addition to the base balanced 
by HCO,’ a variable amount associated with the proteins is titrated, depending 
upon the litmus paper used, the time allowed for the CO, to escape from the 
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drop and the degree of change in tint which the observer decides upon as his 
end-point. 

Although these indicator-paper methods afford useful comparative in- 
formation, a method which only measures the base present as bicarbonate is 
preferable. Granted that the proteins, especially haemoglobin, are mostly 
responsible for the buffer action, it is only the alkaline bicarbonate and the 
respiration which are available for adjusting the reaction of the blood. Conse- 
quently, during recent years, the gasometric method of Van Slyke and Cullen 
[1917] has been generally adopted. 

The method about to be described was devised by one of us, whilst abroad 
during the war, to measure the bicarbonate in blood-serum under circum- 
stances in which the means to carry out Van Slyke and Cullen’s method were 
not available. 

It seemed likely that by titrating a small quantity of serum diluted with 
NaCl solution, and shaking out the CO, meanwhile, an end-point could be 
found at which the value obtained corresponded with the amount of alkali, 
as bicarbonate, determined gasometrically after the serum had been brought 
into equilibrium with alveolar air. After trial of titration to different end-points, 
it was found that when the indicator used was neutral red, the end-point 
sought was when the colour matched that of a M/15 solution of phosphates 
of py 7-07 to which a similar amount of indicator had been added. That the 
neutral point is the most suitable end-point is fortuitous. The reaction is a 
little acid of this, as neutral red has a small protein error. The real py is 
about 7-0. 

The method was demonstrated at a meeting of the Biochemical Society 
in November, 1918, but was not published at the time because neutral red was 
not an entirely satisfactory indicator owing to gradual precipitation when 
the neutral point was approached. It was hoped to overcome this difficulty 
or to substitute another indicator. We have not been able to find another 
indicator to replace neutral red but have succeeded in obviating the separation 


Table I. 
The volumes per cent. of CO, in plasmas calculated from the titration values 
compared with those found by Van Slyke’s method. 0°25 cc. was used for the 
titration and 1-0c.c. for the gasometric estimation. 


Co, Van Slyke CO, 
Specimen calculated observed 
Smith plasma 60-0 61-2 
Horse serum 41-0 43-3 
1229 plasma 58-0 57-6 
1372 a 59-5 58-5 
1890 ¥ 66-0 64-8 
1890 B ,, 66-0 63-0 
Spencer ,,t 70-0 65-0 
Roper _,, 65-0 66-9 
Hawes _,, 68-0 66-0 
Simkins ,, 68-0 68-5 
Bass os 59-0 61-9 
Pearce ,, 66-0 63-9 
Platt - 62-0 63-0 


¢ This plasma was haemolysed. 
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of the indicator by titrating in the presence of 16 % alcohol. This amount of 
alcohol does not appreciably alter the sensitivity of neutral red to hydrogen 
ions and facilitates the shaking out of CO, by lessening frothing. 

During the last few years we have used the method in clinical and experi- 
mental work and found it handy and reliable. Its merits are the simplicity 
of the apparatus and the small quantity of serum (0-25 cc.) required. It affords 
results which agree with the gasometric with an error not exceeding + 5 % 
as is seen from the observations in Table I. In these the gasometric estimations 
were made by one observer and the titrations by another. 

Meanwhile, Van Slyke, Stillman and Cullen [1919] have described a titra- 
tion method, with neutral red as indicator, as an alternative to the gasometric 
method. Their method differs somewhat from ours. To 2 cc. of plasma, 5 cc., 
i.e. excess, of 0-02 N HCl is added and the CO, shaken out. The acidified serum 
is diluted with 20 ce. of water and titrated back with 0-02 N NaOH to an end- 
point corresponding with the colour of M/8-5 phosphate solution of py 7-4. 
The results recorded agree with the gasometric titration within 7 %. 

Van Slyke [1922] has recently elaborated this method and increased its 
accuracy by using the actual plasma, collected without loss of CO, and diluted 
to a similar extent, as the standard to titrate to. This procedure obviates a 
number of small errors and renders the method unexceptionable, but the 
determination cannot be carried out upon less than 10 ce. of blood. 


EXPERIMENTAL PROCEDURE. 


Collection of the samples of blood. The blood is drawn from the ear into a 
collecting tube made from a piece of glass tube of 7 mm. internal bore, sealed 
at one end and drawn out at the other until the internal bore is about | mm. 
The length from the sealed end to the shoulder should be about 4 cm. It will 
then conveniently contain up to 1 ce. of blood. The collecting tube must have 
a small hole blown near the drawn-out end to permit the air to escape as the 
blood enters (see Fig. 2). Before use a few crystals of oxalate and a tenth of 
a ce. of liquid paraffin are introduced into it. A free puncture of the skin is 
made and the capillary end applied to the drop of blood, which then flows 
into the tube and under the paraffin. The plasma is separated from the cor- 
puscles by centrifuging. 

The amount of CO, lost and consequent emigration of H and Cl ions out 
of the corpuscles by collecting blood in this way is not sufficient to introduce 
a serious error. The discrepancy would appear to be about 2%. It was 
determined by the following experiments in which the amount of exposure 
to air closely simulated that which occurs when blood is drawn from the ear. 

A piece of rubber pressure tubing bearing a screw clip was placed on the 
upper end of a 1 cc. pipette; the tip was put into some blood which had been 
collected under paraffin and the pipette filled by suction. The screw was 
tightened and the pipette clamped in a holder. By relaxing the screw clip the 
blood was allowed to escape from the pipette in drops. As each drop formed 
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it was run into one of the blood-collecting tubes under paraffin. When sufficient 
blood had been collected in the tube the plasma was separated by centrifuging. 
At the same time some of the original blood was centrifuged. Observations 
were made upon four samples of blood. In Table II below, the titration values, 
expressed as volumes CO, % in the plasmas, are set forth. 
























Table II. Volumes CO, %. 





Blood taken Same blood allowed 

Sample direct to drop from pipette 
1 51-0 49-6 
2 55-4 54-5 
< 64-5 63-0 
4a 40-0 39-6 
4b 40-7 39-6 


Hole through which displaced 
7 air escapes 


So 
— Paraffin 
— Plasma 
— Red cells 
Fig. 1. Colorimeter stand. Fig. 2. 


The amount of bicarbonate in blood drawn from the ear by a free puncture 
is lower than in-venous blood. In this respect capillary blood approximates 
more closely to arterial blood, as Liindsgaard and Moller [1922] found for 





oxygen content. 

Blood drawn in this way gives sufficiently consistent results, as the following 
observations show. The blood was collected from the finger at intervals of 
about 15 minutes and the plasma titrated. 


Sample Length of time taken in collection Vols. % CO, 
1 1-0 ce. in 10 minutes 59 
2 nm, 6S » 62 
3 OS. + 5 99 62 
4 os ,, 5 99 61 


However the blood be obtained, if the titration is not proceeded with at 
once, the plasma is best stored in tubes coated with paraffin wax. 
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Apparatus required for the titration. 
1. A few test tubes of equal bore made from the same piece of clear white 
resistance-glass. Convenient dimensions are 8 cm. long and an internal diameter 


of 8 mm. 
2. A 100 cc. flask of hard glass (e.g. Jena) with rubber stopper! bored to 


a 


take one of the test tubes. 

3. A micro-burette: a 1 cc. pipette graduated in 100ths with rubber tube, 
nozzle and pinch-cock answers the purpose. 

4. A pipette graduated to contain 0-25 cc. 

5. A simple colorimeter (Fig. 1) shaped like a short test tube rack with 
three holes to take the test tubes. Suitable dimensions are 9 cm. long, 6 cm. 
high and 5 cm. wide. The inner surface is blackened and one of the open sides 
is covered with a tissue paper screen. The holes are best placed as close as 


possible to the paper screen. 


Chemicals required. 


1. Standard V/10 H,SO, from which N/100 can be made up as required. 


2. Standard phosphate of pg 7-07 made up as follows: 
Potassium dihydrogen phosphate M/5 33-33 cc. 
Caustic soda N/10 __.... ts a 43-66 ce. 
CO,-free distilled water to... ae 100 ce. 


3. Neutral red 0-05 % dissolved in water. 

4. Sodium chloride 3-5 %. 

5. Alcohol 40%. 

6. A solution of burnt sugar which has been carefully neutralised and to 
which toluene has been added to prevent moulds growing in it. 


Details of the titration. 


0-25 cc. of plasma is drawn up into the graduated pipette and delivered 
into the flask. The pipette is washed out to the mark three times with the 
saline. 1 ce. of the 40 % alcohol is then added, so that the flask contains 2 cc. 
The contents are mixed and the rubber stopper carrying one of the test tubes 
inserted. The flask is inverted, so that the contents run down into the test tube, 
and placed in this position in the colorimeter. 

2 cc. of the phosphate solution are placed in another of the tubes and 
this is put in the colorimeter beside the plasma. A small quantity of the 
solution of burnt sugar is then added to it with a fine dropping pipette until 
it matches the colour of the plasma. Another cc. of phosphate is added and 
five to eight drops of the indicator, the depth of colour chosen depending on 


personal preference. 


1 The stoppers must be clean. They should be moistened with petrol and rubbed with a rag 
until all sulphur is removed. Subsequently they should be boiled first in soda, then in weak acid 
and thoroughly washed with distilled water. 
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Acid is then run into the flask from the micro-burette until the contents 
become bright pink. The fluid is well shaken by swirling it round the flask, the 
air being frequently changed by inserting a piece of wide bore glass tubing 
and inhaling through it. Exhalation in the immediate neighbourhood of the 
flask must be avoided. As the CO, is removed the colour of the fluid changes 
to an orange tint again. The shaking out process is repeated after each addition 
of acid. As the end-point approaches, single drops of acid are added and the 
stopper is placed in the flask, the flask inverted and the colour of the contents 
compared with that of the phosphate tube. 

The amount of acid added when the plasma is just alkaline to the phosphate, 
matches it, and is just acid are noted, and the mean between the first and last 
readings is taken as the end-point. With a little practice the alkaline and 
acid points lie 0-01 on either side of the match. Much more shaking is required 
to get rid of the last traces of CO, than might be anticipated. It is necessary 
to continue to add acid until the fluid remains definitely pink and it is im- 
possible to alter the colour by further shaking and aeration. 

If the end-point is accidentally overshot it is possible to titrate back with 
M/50 sodium bicarbonate, shaking out meanwhile. Sodium hydroxide must 
not be used, as it is difficult to shake in CO, from atmospheric air in a reasonable 


length of time. 


DISCUSSION. 


Our method is frankly empirical but it is appropriate to discuss why it is 


necessary to titrate to an apparent end-point of py 7-07 (really py 7-0) to 
arrive at the alkali present as bicarbonate instead of to the py of blood which 
is about 7-3 after cooling to 18°. 

The reason appears to be that the whole of the bicarbonate cannot be 
estimated unless the air with which it is brought into equilibrium is entirely 
free from CO,. In the dilute solutions of bicarbonate with which we are 
working the small amount left undetermined is very significant. If, on the 
other hand, the solution is entirely freed from CO, and bicarbonate, by 
acidifying and shaking out the CO,, practically the whole of the bicarbonate 
can be estimated by titrating back to the py of blood with NaOH. This is the 
principle of the method of Van Slyke, Stillman and Cullen [1919]. 

The amount of bicarbonate untitrated, when 0-25 cc. of 0-02M NaHCO, 
made up to 2-5 cc. with saline is estimated by our method can be derived from 
Hasselbalch’s [1917] formula 

[ Bie. | 
Pu = Pr, 1 log iGo," 


Let us assume that the air of the laboratory contains 0-05 °% CO, and that 


the titration is carried to an end-point of py 7-4 and the final volume is 


3 ee. 
Taking the value of py, at 18° as 6-22, which is what we have found for 





er 
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0-02M NaHCO, in the presence of 0-85 % NaCl (Warburg [1922] found 6-24 
under similar circumstances) we have 


« [Bie.] 
© [CO,] 


or [Bicarbonate] = 13-1 x [CO,]. 


The molecular concentration of CO, in water at 18° which has been brought 
into equilibrium with air containing 0-05 % CO, is 


lo =12, 


0-05 x a18° CO,* 
tone -394 = 0-000021. 

Multiplying by 13-1 gives 0-000275 for the molecular concentration of the 
bicarbonate in the 3 cc. of liquid at the end of the titration. 

At the beginning, the solution contained 0-02 x 0-25 = 0-005 millimols 
NaHCO,; at the end, 0-000275 x 3 = 0-000825 millimols, 7.e. 16-5 % of the 
bicarbonate is untitrated. 

Pursuing the same reasoning; supposing the titration were carried to. a 
Pu 7°07, the millimols of bicarbonate left at the end would be 0-00045, or 9 % 
is untitrated. 

As, when serum is substituted for pure NaHCO, solution, the value obtained 
agrees with the gasometric when the titration is carried to pg 7-07, some 
compensation must occur. In serum, leaving aside the NaCl and the small 
amount of phosphate, the basic ions are balanced by the ions of two weak 
acids, H,CO, and protein.. The amount of base balanced by the latter depends 
on the hydrogen ion concentration. If titration is taken to py 4-7, the iso- 
electric point of serum albumin, the whole of this base can be titrated. If the 
titration is taken to a cg short of this only a proportion of the base will be 
titrated. It would appear that when acid is added until the pq = 7-07, the 
amount of base balanced-by protein which is titrated about equals the 
amount of bicarbonate untitratable. 

To ascertain whether varying the pq by about 0-3, 72.e. doubling the cg, 
would increase the base balanced by HCO,’ at the expense of that balanced 
by protein anions sufficiently to effect the above compensation, we determined 
the “alkali reserve” of a serum gasometrically, according to the method of 
Van Slyke, firstly when the serum was brought into equilibrium with 41-7 mm. 
pressure of CO, and secondly with 86-6 mm. pressure of CO,. In the first case 
the volume CO, % (as bicarbonate) obtained was 50-2, in the second 55-1. 

The bicarbonate in the serum was therefore 0-0223M and 0-0245M re- 
spectively; an increase of 10 %. The pressure of CO, was 2-08 times as great 
in the second as in the first of our experiments. This would diminish the py by 
0-32, approximately the difference between 7-4 and 7-07. It appears, therefore, 
that, under the conditions obtaining in our method, the bicarbonate untitrat- 
able in the presence of air containing 0-05 %, CO, and the amount of protein 
base titrated by changing the end-point 0-3 py are of the same order of mag- 


* 418° CO, is coefficient of absorption of CO, in water at is. 
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nitude. We conclude, therefore, that the compensation is brought about in © 
this way. i 
About 9 % of the bicarbonate is untitrated when the air contains 0-05 % F 
CO,. If the amount of CO, in the air of the room increases, the untitratable 
bicarbonate increases but the amount of protein base titrated does not vary. 
Consequently, a lower value is found. This is quite obvious when working in 
an ill-ventilated laboratory; in fact, variation in the CO, of the air is the chief 
source of error inherent in the method. § 
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In 1900 Wright examined the blood of six patients suffering from scurvy and 
found a decrease in the alkalinity of the blood. Some of these cases improved 
rapidly subsequent to treatment with alkalies [1900]. He obtained similar 
results with infantile scurvy [1908]. From these observations Wright con- 
cluded that scurvy was caused by a condition of acidosis brought about by a 
diet deficient in organic salts of sodium and potassium. Lamb [1902] examined 
scorbutic prisoners in an Indian jail, but was unable to detect any decrease 
in the alkalinity of their blood. The prisoners did not improve after the 
administration of alkalies. 

Hess and Killian [1918] estimated the bicarbonate in the blood of a number 
of cases of infantile scurvy by Van Slyke’s method and found somewhat less 
than the normal amount. The amount was represented by 40-45 vols. % CQg. 

Evidence of alteration in cy is lacking. 

Some diminution in the quantity of bicarbonates in scurvy is not unlikely 
for a scorbutic diet is generally one which affords an acid ash. 

The hypothesis that acidosis is the cause of scurvy was not in accordance 
with early observations. It was apparent 200 years ago that fresh vegetables 
and fruits, especially those of the citrus variety, readily prevented and cured 
scurvy, whereas dried vegetables were ineffective. The organic salts were 
presumably still present after drying. 

Cockburn (1696) concluded ‘“‘that no moisture whatever could restore the 
natural juices of the plant lost by evaporation and altered by a fermentation 
which they underwent in drying.”’ Lind [1772] quotes instances in which dried 
vegetable foods had been found to be useless in the treatment of scurvy. 
The work of Holst and Frélich on the experimental production of 
scurvy in guinea-pigs greatly facilitated the study of its pathology and 
enabled the antiscorbutic value of different food stuffs to be biologically 
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assayed [1907, 1908]. Latterly, Zilva[ 1924] has concentrated the active fraction 
of lemon juice and found that less than half a milligram daily was sufficient 
to protect guinea-pigs fed on a diet which otherwise led to fatal scurvy. 
The very minute amount of the substance necessary to bring about this anti- 
scorbutic effect completes the evidence of its specific. properties. 

A scurvy-producing diet is, as Wright pointed out, generally one which 
on combustion affords insufficient base and it seemed worth while to find out 
whether experimentally produced scurvy in guinea-pigs is always associated 
with a diminution in the bicarbonate in the blood and whether any alteration 
in the reaction of the blood occurred. 


EXPERIMENTAL METHODS. 


The blood was obtained by cardiac puncture and collected under paraffin 
in centrifuge tubes containing a little powdered potassium oxalate. 

The bicarbonate of the plasma was titrated by the micro-method described 
in the foregoing paper [Lepper and Martin, 1925]. The results are expressed 
as vols. CO, %, because most workers are in the habit of thinking of “alkali 
reserve’ in these terms. 

This method we found to agree with the gasometric method of Van Slyke 


to within + 5%. 


The hydrogen ion concentration of the blood was estimated by the method 
of Dale and Evans [1920]. The dialysis was carried out at room temperature 
which varied from 16-22°. The temperature of the dialysate varied from 
18-22”. 

The collodion sacs used required 3 cc. of blood to fill them, but it was 
found immaterial whether this amount of blood was used or | ec. introduced 
under oxalated saline. Only the smaller amount of blood was available in 


some cases. 

We have not adjusted our observations of py at room temperature to the 
corresponding values for blood at 38° as the amount to be subtracted is still 
uncertain, nor has a correction for the effect of variation of temperature on 
the standard phosphates been made as this would be within the error of our 
observation. 

We are indebted to Prof. Martin for the following note on the correction 
for the effect of temperature on the dialysate: 

“The py of the corresponding blood at 38° would be about 0-14 lower than 
the figures ascribed to the dialysates, if we assume that Hasselbalcl’s observa- 
tion, that ox blood at 38° has the same py as at 18° when in equilibrium with 
the same pressure of CQ,, is applicable to human blood. To produce Hassel- 
balch’s result the diminished acidity due to the lesser CO, concentration in the 
liquid at the higher temperature must be compensated by the increase in the 
dissociation constants of the weak acids, H,CO,, serum protein and oxy- 


haemoglobin. 
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Raising the temperature from 18-38° diminishes the concentration of CO, 
in water which is in equilibrium with CO, at constant pressure to 0-59 of the 





original amount. The result of this on the aos ratio would raise the py of 
a bicarbonate solution about 0-23. The effect on blood would be less owing to 
the buffering action of the serum proteins and haemoglobin. According to 
Hasselbalch’s [1916, p. 126, Fig. 4], and Parson’s [1920, p. 346, Fig. 1], 
observations on human blood, the rise would be 0-13 supposing the pressure 
of CO, were 40mm. As the py was found to be the same at 18° and 38 
with pressure of CO, constant, the increase in the dissociation constants of 
some or all of the weak acids with rise in temperature must produce an 
opposite effect of the same magnitude. 

The effect of temperature upon the K of serum protein and haemoglobin 
has not, as far as I am aware, been determined, but the dissociation constant 
of the first H+ in H,CO, does indeed increase by this amount on raising the 
temperature from 18-38°, p, at 38° being 0-13 less than at 18°. 

In Dale and Evans’ technique, loss of CO, is avoided as much as possible 
and only the effect of a rise in K is manifested. 

It is by no means certain, however, that Hasselbalch’s observations on 
ox blood are quantitatively applicable to human blood, for Cullen found a 
considerable variation in the differences in py at 20° and 38° in the case of 
horse, dog and human plasma and even between plasma and serum of the 
same animal.” 

The diet given to each control guinea-pig was about 60g. of cabbage, 
40 g. of hay and 95 g. of mixed oats and bran per day. 

The diet of the guinea-pigs on which scurvy was produced consisted of oats 
and bran (two volumes of bran to one of oats) and about 40 cc. of autoclaved 
milk. On this diet the animals developed scurvy after about 15-21 days and 
succumbed to the disease after a month. 

We have examined guinea-pigs (250-300 g.) which have subsisted on such 
a scorbutic diet for 10-25 days and have assessed the severity of the disease 
as “slight” when only a few haemorrhages were observed, as “moderate” 
when definite enlargement of the costochondral junctions, moderately 
haemorrhagic zones and brittleness of bones occurred, and as “severe” when 
the haemorrhages, the enlargement of the costochondral junctions, and the 
brittleness of the bones were very marked. 


I. THE BICARBONATE OF THE PLASMA OF NORMAL GUINEA-PIGS. 


The results are showin Table I. 

It will be seen that there is a large difference in the bicarbonate content 
between the extreme observations both for blood drawn from the right and 
from the left heart. For arterial blood this amounted to as much as 33 vols. %, 
for venous 32 vols. %. Such wide variations in bicarbonate have not been 
observed in man even in diabetes. 
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Table I. The bicarbonate of the plasma of normal guinea-pigs. 
) 7 , 








Vols. % CO, in Vols. % CO, in 
Number of plasma from left Number of plasma from right 
guinea-pig heart guinea-pig heart 
1 37-0 17 36-0 
2 23-25 18 5 
3 56-5 19 
4 45-7 20 
5 29-5 21 
6 50-0 22 
7 25-4 23 
8 48-25 24 
9 48-0 25 
10 48-0 26 
11 28-5 27 
12 (42-0 
(38-0 
13 38-0 
14 42-75 
15 49-75 
16 34-75 
Total 17 Arterial plasma, Total 11 Venous plasma, 


mean 40-3 vols. % mean 56-4 vols. % 


Observations by Cullen and Howard Robinson [1923] on human normal 
venous plasma showed extremes of 59-6 and 71 vols. %, a difference of only 
11-9 %. The venous blood was drawn from the arm after a period of rest and 
with precautions against stasis. Buell [1919] found that in guinea-pigs the 
bicarbonate was low when the animal struggled during the experiment. No 
such relation could be found in our observations. The guinea-pigs were firmly 
held by a skilled assistant and the movements of the animal were limited 
and of short duration. 

The values obtained when “slight struggling” was noted were indeed about 
8 % higher for both arterial and venous blood. In three guinea-pigs in which 
“considerable struggling” occurred the results were, venous blood 61 vols. %, 
arterial blood 28-5 and 34-75 vols. °% respectively. 

As such wide variations were found in these different guinea-pigs, samples 
of arterial and venous blood were collected from the same animal. The results 


are shown in Table II. 


Table II. The bicarbonate of the plasma of arterial and venous blood of the 
same guinea-pig. 


Vols. % CO, in Vols. % CO, in 


No. of plasma from left plasma from right 
animal heart heart 

I 48-0 68-25 

2 28-5 57-5 

3 42-75 53-5 

4 34-75 48-0 


The arterial and venous blood of the guinea-pigs collected under the 
conditions of our experiment showed a difference in the bicarbonate content 
of 10-20 vols. %CO,. Itis probable that the relation to food and the stage of 
digestion reached in the alimentary tract is of importance, but unfortunately 
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no special precautions were taken to control this factor as its possible influence 
was not realised at first. In almost all cases the blood was collected before 
the animals had been fed, but no note was made as to whether food remained 
in the cage, so that some animals may have eaten much more recently than 


others. 


II. THE BICARBONATE OF THE PLASMA OF GUINEA-PIGS SUFFERING FROM 
SCURVY. 


The results are shown in Table ITI. 


Table III. The bicarbonate of the plasma of scorbutic guinea-pigs. 








Vols. % CO, Vols. % CO, 
Number in plasma Number in plasma 

of from left Degree of of from right Degree of 

guinea-pig heart scurvy guinea-pig heart scurvy 
1 27-5 Slight 18 44-0 Slight 
2 29-0 ee 19 56-75 ma 
3 es 20 45-5 Severe 
4 Re 21 50-0 i" 
5 + 22 55-5 ee 
6 a 
7 ” 
8 % 
9 ” 
10 Moderate 
11 . 
12 s 
13 aa 
14 5 
15 Severe 
16 9 
17 2 

Total 17 Arterial plasma, mean 36 vols.% Total5 Venous plasma, mean 50-3 vols.% 


It will be seen that the scorbutic guinea-pigs had on the average a slightly 
lower amount of bicarbonate in both arterial and venous plasma than the normal 
animals, the difference being about 5 vols. % CO,. This difference is much less 
than that between the extreme values found in normal animals and might be 
considered to be without significance, were it not for the fact that the bicar- 
bonate of all these scorbutic guinea-pigs is consistently low. 

In order therefore to find out whether this slight alteration in the “alkali 
reserve” was due to the disease or to a deficiency of sodium and potassium 
salts in the diet, a number of guinea-pigs were put on a scurvy-producing diet 
with the addition of 0-8 g. of sodium citrate. The citrate was given by the 
mouth through a tube daily but was omitted on the day the blood was taken 
except in three cases recorded in Table V which will be referred to later. 

The animals developed well-marked scurvy. 

The results are shown in Table IV. 

It will be seen that the bicarbonate of the plasma of scorbutic guinea-pigs 
24 hours after the dose of citrate is still on the average slightly less than that 








586 E. H. LEPPER AND §. 8S. ZILVA 










of normal animals, the variation from the mean is however much greater than 
that found in scorbutic animals which are not having citrate and approximates 






to the normal variation. 





Table IV. The bicarbonate of the plasma of scorbutic guinea-pigs 24 hours 


after the last dose of sodium citrate. 























Vols. % CO, in Vols. % CO, in 


Number of plasma from plasma from Degree of 
guinea-pig left heart right heart scurvy 

l 32-5 47-0 Slight 

2 45-5 55-5 aa 

3 22-7 54-5 Severe 

4 39-75 nes 

5 34-0 

6 42-75 

7 50-75 


Total 7 % CO, arterial % CO, venous 


plasma 38-2 plasma 51-3 


Table V. The bicarbonate of the plasma of scorbutic guinea-pigs 3 hours 
after the last dose of sodium citrate. 


Vols. % CO, in Vols. % CO, in 





Number of blood from blood from Degree of 
guinea-pig left heart right heart scurvy 
] 52-5 66-5 Slight 
2 5d: — . 
3 2-25 86-5 
Total 3 % COs, arterial % CO, venous 
plasma 53-46 plasma 76 
(normal 40-7) (normal 56-3) 


Table V shows that if the blood of the scorbutic guinea-pigs is collected 
3 hours after the last dose of citrate then the bicarbonate content of both 
the arterial and venous blood is higher than the normal average. 

These observations indicate that: 

1. The low mean level of the bicarbonate in the blood of scorbutic guinea- 
pigs is associated with a deficiency of sodium and potassium salts of organic 
acids in the scurvy-producing diet. 

2. The addition of sodium citrate to the diet restored the normal bicarbon- 
ate content of the blood, but did not influence the onset of scurvy. 


lil. THE HYDROGEN ION CONCENTRATION OF THE BLOOD OF GUINEA-PIGS 
SUFFERING FROM SCURVY. 


The py found in the blood of normal guinea-pigs is shown in Table VI. 

The two chief experimental errors in Dale and Evans’ method are: 

1. Loss of CO, from the blood during dialysis. 

2. Access of CO, to the standard phosphate solutions. 

Care was taken to avoid these sources of error as far as possible but as 
they both give too high py readings, observations made by this method tend 
to be too alkaline rather than too acid. 
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The py of the blood at 38° would probably be about 0-15 lower than that 
of the dialysates at room temperature (see Prof. Martin’s note on p. 582). 


Table VI. The py of the dialysate of the blood of normal guinea-pigs. 
Observations at room temperature. 


Number of = py of blood from py of blood from 


guinea-pig left heart right heart 

l ae ae 
2 7-61 — 
3 7-645 — 
4 7-58 ~~ 
5 — 7-46 
6 7-57 — 
7 7-59 —— 
8 — 7-53 
9 7-56 --- 
10 7-6 — 
Ll 7-62 


Total 9, Arterial Total 2. Venous 
blood, mean 7-59 blood, mean 7-49 


The blood was taken before the animals had been fed and no marked 
struggling was noted in any case. 

The scorbutic animals were examined under similar conditions. Samples 
of blood were taken between the 15th and 24th day after the diet was started. 
One of the guinea-pigs was killed at each experiment and examined post- 
mortem so that an estimate of the degree of scurvy present could be arrived 
at; the other guinea-pigs were kept alive and re-examined some days later 
when the scorbutic condition had become very severe. 

The results are shown in Table VII. 

c 
Table VII. The py of the dialysate of the blood of guinea-pigs suffering from 


SCUrvy. j ISCTVA ions at room temperature. 
y. Ol t t t t 


No. of No. of days on py of blood from py of blood from Degree of 
guinea-pig scorbutie diet left heart right heart scurvy 
1 15 — 7-54 
2 15 — 7-44 Slight 
3 18 7-55 a 
4 18 —- 7-56 Severe 
5 18 7-67 - 
6 20 —— 7-53 
7 20 7-65 ae 
8 20 7-52 _ Moderate 
9 20 7-64 = 
10 22 — 7-59 Moderate 
] 22 7-51 — Slight 
3 24 7-67 — Severe 
6 24 7-64 - os 
7 24 7-58 — 
9 23 7-71 — as 
Total 10. Arterial Total 5. Venous 
blood, mean 7-61 blood, mean 7-53 


No evidence of an increased hydrogen ion concentration of the blood was 


found in any of the guinea-pigs. 
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SUMMARY AND CONCLUSIONS. 


There are large variations in the amount of bicarbonate in the plasma of 


normal guinea-pigs; the hydrogen ion concentration, on the other hand, shows 


only slight variations. 

The titratable alkali of the plasma of guinea-pigs suffering from scurvy 
is on the average at a lower level than that of normal guinea-pigs. This is 
due to the deficiency of sodium and potassium salts of organic acids in the 
scurvy-producing diet. The addition of sodium citrate to the diet restores 
the normal bicarbonate content of the plasma but does not influence the 
onset of scurvy. 

An increase in the hydrogen ion concentration of the blood of guinea-pigs 
suffering from scurvy was not observed. 


We take this opportunity of expressing our thanks to Prof. C. J. Martin 
for much helpful criticism. 
We are also indebted to Dr Mary Cowan for her skilled assistance in obtain- 


ing samples of blood from the scorbutic guinea-pigs. 
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LXXXVII. THE ANTISCORBUTIC FRACTION 
OF LEMON JUICE. III. 


By SYLVESTER SOLOMON ZILVA. 


From the Biochemical Department, Lister Institute, London. 
(Received June 29th, 1925.) 


In this communication is brought forward further information in connection 
with the fractionation of the antiscorbutic factor and the chemical properties 
of active fractions. It was previously shown [Zilva, 1924] that basic lead 
acetate precipitated the active principle from lemon juice quantitatively and 
that very active fractions could be obtained in this way by removing the sugar 
in the decitrated lemon juice by fermentation previous to precipitation. An 
endeavour was made, so far without success, to find a precipitating reagent 
which would have the advantage over basic lead acetate of removing the 
factor from active solutions accompanied by less extraneous matter. In this 
unsuccessful quest one reagent, namely, neutral lead acetate, yielded results 
which are of interest and worth recording. Whilst basic lead acetate precipitates 
the antiscorbutic factor from decitrated lemon juice quantitatively, the neutral 
salt does not precipitate it at all. It, however, removes considerable quantities 
of non-active matter from such solutions and also from the ultimate basic lead 
acetate fraction described in the preceding communication of this series. This 
reagent is, therefore, of value in the chemical fractionation of antiscorbutic 
solutions. Bezssonoff [1922, 1] has also found that it does not remove the 
vitamin from cabbage juice. 

Three experiments were instituted with the object of studying the 
action of neutral lead acetate on active solutions. In the first experiment 
decitrated lemon juice was treated with neutral lead acetate until no 
more precipitate was formed. The solution was then centrifuged and the 
precipitate dissolved in the least quantity of acetic acid. Magnesium sulphate 
was added to this solution until all the lead was precipitated, after which 
treatment two volumes of absolute alcohol were introduced and the alcoholic 
solution allowed to stand for about an hour. It was then filtered and the 
filtrate evaporated to a small volume under reduced pressure at 50°. This 
fraction was finally made up to the original volume of the lemon juice from 
which it was prepared and tested out for its antiscorbutic potency on guinea- 
pigs in the usual way. The doses were prepared daily except during the week- 
ends when 2 days’ supply was prepared, acidified with citric acid, exhausted 
and kept in a vacuum until required for feeding. Thus the chance of deteriora- 
tion on storage was reduced to a minimum. Doses equivalent to 1-5 cc., 
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3cc. and 5 cc. of the original lemon juice were tested out, three guinea-pigs 
being employed for each dose. All the animals succumbed to scurvy within 
about a month. 

Before it could be definitely taken that the neutral lead acetate failed to 
precipitate the vitamin, the presence of the latter in the solution after pre- 
cipitation had to be demonstrated. With this end in view, in the second experi- 
ment, decitrated lemon juice was precipitated with neutral lead acetate, 
centrifuged and the resulting supernatant solution treated with magnesium 
sulphate and alcohol in order to remove any excess of lead. After dis- 
tilling off the alcohol under reduced pressure and making up to the 
original volume the preparation was tested out for the antiscorbutic vitamin. 
Doses equivalent to 1-5 ec., 3 ce. and 5 cc. were employed in this test. Three 
guinea-pigs were used for each dose. The three animals on the lowest dose 
died of scurvy after 50 days, 34 days and 37 days respectively. Those on the 
3 ec. dose died after 42 days, 44 days and 60 days. The animals on the highest 
dose survived for 60 days after which time they were chloroformed. Two of 
these animals showed very slight signs of scurvy at the post-mortem examina- 
tion. The third animal was found normal. 

In the third experiment 1500 cc. of decitrated lemon juice were concentrated 
to 600 ce. and precipitated with neutral lead acetate. The precipitate was 
centrifuged quickly and the supernatant fluid treated with an excess of basic 
lead acetate. A precipitate was formed which was centrifuged and dissolved 
in acetic acid. The acid solution was precipitated with magnesium sulphate 
and by the subsequent addition of two volumes of absolute alcohol and 
filtered. The alcohol from the filtrate was removed by distillation under 
reduced pressure and the volume was eventually made up to 1500 cc. This 
batch was acidified with citric acid and stored in a vacuum. A sufficient 
quantity was withdrawn every day for 6 weeks for testing purposes. It was 
found almost unworkable to prepare daily fresh doses for testing purposes 
owing to the great labour involved. This preparation, as was to be expected, 
was found to be active, although a very significant loss in the antiscorbutic 
potency was recorded. A daily dose equivalent to 2 cc. of lemon juice failed 
even to delay the onset of scurvy in guinea-pigs whilst on a 3 ce. dose one 
guinea-pig succumbed to scurvy after 40 days and another animal after 54 days. 

The above experiments make it plain that neutral lead acetate does not 
precipitate the active principle at all and that antiscorbutic solutions pre- 
cipitated by this reagent retain their activity in the filtrate. Although in the 
above experiments an appreciable loss was observed after precipitation with 
neutral lead acetate, there is no doubt that it is brought about by the general 
manipulation and not by the precipitating agent. Experiments to be described 
below corroborate this assumption. 

The action of neutral and of basic lead acetate on the antiscorbutic factor 
in another source, namely, swede juice, was next investigated. In this case 
too the basic salt precipitated the active principle whilst the neutral did not. 
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In one experiment the root was expressed and the turbid juice thus obtained 
was treated with neutral lead acetate until no more precipitate was formed. 
After centrifuging, the excess of the lead salt in the supernatant fluid was 
removed with magnesium sulphate and alcohol as described before. After 
distilling off the alcohol, the preparation was made up to its original volume. 
The dry matter estimated on seven different samples of this preparation varied 
from 4-4—6-8 °%, giving an average of 5-1 %. Daily doses of 3 ce. were given 
to three guinea-pigs and of 5 cc. to two animals. Owing to the intervention of 
the Christmas holiday this set of animals was chloroformed 53 days instead 
of 60 days after the commencement of the experiment. The guinea-pigs which 
received the 3 cc. dose showed very mild scurvy at the post-mortem examina- 
tion. The animals receiving the higher dose did not show any signs of scurvy 
at all. There was no doubt that both sets of animals could have survived the 
usual 60 days. As the minimum protective dose of unprecipitated swede juice 
was found to be 3 cc. it is safe to conclude that the neutral lead acetate did 
not precipitate any of the active principle at all. The experiment also shows 
that the loss incurred in a similar experiment with lemen juice mentioned 
above was not due to the precipitating agent. 

In another experiment the swede juice was treated with two volumes of 
alcohol and filtered. After removing the alcohol by distillation at a low pressure 
the solution was made up with distilled water to its original volume. This 
treatment removes a good deal of non-active matter which is precipitated by 
basic lead acetate. After treatment the solution was precipitated with basic 
lead acetate and the precipitate after centrifuging was taken up in acetic acid. 
Perfect solution could not be effected in this way. Without filtering, however, 
the solution was treated with magnesium sulphate and then with alcohol as 
described before in order to remove the lead; after distilling off the alcohol 
it was made up to the original volume of the swede juice. The dry matter 
estimated on seven specimens varied from 1-1—2-8 °% with an average of 1-5 %. 
There was, therefore, a considerable reduction in the total solids as compared 
with the swede juice preparation of the previous experiment. This was mainly 
due to the reduction of the sugar content. Five guinea-pigs were used in this 
experiment, three on a daily dose equivalent to 3 cc. of the original juice and 
two on a daily dose of 5 cc. All the animals as in the preceding experiment 
had to be chloroformed after 53 days and none showed any scorbutic signs at 
the post-mortem examination. 

The behaviour of the antiscorbutic factor in swede juice towards these 


two precipitating reagents is, therefore, the same as in lemon juice. 

In a previous communication it was pointed out that the purest fractions 
showed a very low nitrogen content. An attempt was made to study the 
chemical nature of the nitrogenous constituents of such fractions. On careful 
examination they were found to contain both amino and amide nitrogen. 
The latter is small in amount and escaped detection at first owing to the fact 
that too little of the preparation was employed in the test. The presence of 





592 8. S. ZILVA 


amide nitrogen can, however, be demonstrated in the following way. De- 
citrated lemon juice equivalent to 200 cc. of lemon juice is first precipitated 
with basic lead acetate, the precipitate suspended in distilled water and 
decomposed with hydrogen sulphide and the hydrogen sulphide removed. 
The solution is then precipitated with neutral lead acetate. filtered, and the 
filtrate treated with hydrogen sulphide, concentrated, precipitated with 
absolute aleohol and the filtrate eventually made up to 50 cc. To this 5 ce. of 
concentrated sulphuric acid are added and the mixture is autoclaved at 
5-10 Ibs. pressure for 2 hours. It is then distilled with 40 cc. of 40% NaOH 
and the ammonia received in N/50 sulphuric acid. Amide nitrogen equivalent 
to 1-2 ce. N/50 ammonia per 200 cc. of original lemon juice can be demon- 
strated in every case. 

The amino nitrogen was estimated in a Van Slyke micro-apparatus. The 
following were the quantities of the reagents employed. 2-5 ec. glacial acetic 
acid, 10 ce. of nitrite solution and 3 cc. of a preparation equivalent to 60 cc. 
of the original solution obtained as described above. In the blank estimation 
3 ce. of distilled water replaced the concentrated preparation. About 80 % 
of the gas was given off in the first 15 minutes and the entire evolution of the 
gas was usually complete in 2-4 hours. Quantities of amino nitrogen of the 
order of 0-5 ec. were thus obtained for the equivalent of 60 cc. of lemon juice. 

The sum of the amino and amide nitrogen, however, forms only a part 
of the total nitrogen as will be seen from the figures obtained from three 
representative batches. The equivalent of 200 cc. of original juice was used in 


ach estimation. 


Batch I Batch I Batch ITI 
0 0. oO 
Oo oO oO 
Total nitrogen 0-001386 0-00175 0-00119 
Amino 0-0003693 0-000554 0-0004683 
Amide es 0-0001680 0-000196 0-00014 
Percentage of amino and amide nitrogen 38-7 42-85 51-11 


It was possible to show that the amide group was not indispensable for the 
antiscorbutic activity. 50 cc. of concentrated lemon juice were treated with 
5 ec. of concentrated H,SO,. The solution, after beng exhausted under a 
vacuum pump, was saturated with carbon dioxide and the receptacle filled 
with that gas. It was then placed in an autoclave, which was brought up to 
5-10 lbs. pressure, after which it was cooled down. Preliminary experi- 
ments had shown that this treatment was sufficient to remove all the amide 
nitrogen. Before testing, the solution was neutralised with calcium carbonate 
and filtered. With the exception of the week-end this preparation was carried 
out daily for testing purposes. Of the eight guinea-pigs employed in this test 
the three receiving 1-5 ce. per day succumbed to scurvy in the usual time, of 
those receiving 3 cc. per day two lived for 46 days and 48 days respectively, 
whilst one survived for 60 days. The two animals on the 5 ec. dose lived for 
60 days, after which time they were chloroformed. One of these animals 


showed slight, the other no scorbutic signs at the post-mortem. It is thus seen 
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that although the drastic treatment destroyed some of the activity the solution 
was markedly active, notwithstanding that all the amide nitrogen had been 
removed. 

It is more difficult to ascertain whether the amino nitrogen has any bearing 
on the activity. The difficulty of feeding deaminated products without causing 
any ill-effects to the animals has not yet been overcome. The formation of 
double compounds with reagents that usually combine with amino acids, 
amino purines and similar compounds has also met with little success so far 
and the problem is still under investigation. The study of the chemical nature 
of the concentrated fractions is being continued. The great obstacle in the 
way of chemical progress at this stage is the fact that the concentrated fractions 
are of a syrupy consistency and consequently are not very amenable to separa- 
tion and identification. By repeated precipitation with alcohol crystals are 
sometimes obtained. 

Bezssonoff in a recent investigation [1925] utilising a scheme of fractiona- 
tion similar to mine [Zilva, 1924] on cabbage juice, namely, the repeated 
precipitation by basic lead acetate and alcohol, has also obtained crystals 
by extracting such a fraction with acetone and found them to be active. The 
animal tests for activity employed by Bezssonoff are, however, in the author’s 
opinion, entirely unsatisfactory, and in any case the great likelihood must 
be borne in mind that the activity of a crystalline fraction may not be due 
to the crystalline substance itself. This is evident from the work done by 
various investigators on the fractionation of vitamin B. 

It is of interest to note that Bezssonoff finds that the above fraction does 
not give a coloration with the phosphomolybdotungstic acid reagent suggested 
by him for the detection of the antiscorbutic vitamin. This would not be sur- 
prising even if the activity of this fraction were confirmed, since it was found 
[Connell and Zilva, 1924] that the active concentrated fraction previously 
obtained by the writer failed to react with the reagent [cf. Bezssonoff, 1922, 2; 
1923; Kay and Zilva, 1923; Bezssonoff, 1924]. 


SUMMARY. 


Unlike basic lead acetate, which precipitates the antiscorbutic factor from 
lemon juice quantitatively, neutral lead acetate does not precipitate it at all. 

The behaviour of these-two precipitating reagents towards the antiscorbutic 
factor in swede juice is the same as to that in lemon juice. 

Small quantities of amino and amide nitrogen are present in certain con- 
centrated antiscorbutic fractions. They, however, form only a part of the total 
nitrogen content which is of the order of 1-2 mg. %. 

There is no connection between the amide nitrogen and the antiscorbutic 


activity of lemon juice. 


The author wishes to express his thanks to the Medical Research Council 


for a whole time grant. 
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Ir has been known for some years that removal of the parathyroid glands 
results in a condition of tetany. A large number of observations on the nervous 
and metabolic changes in tetania parathyreopriva have been recorded, and 
from these experiments conclusions have been drawn as to the probable func- 
tion of these glands and two main hypotheses advanced to explain the effect 
of their removal. The first theory associates the nervous changes with a 
deficiency of calcium, and the second attributes them to the production of a 
toxic agent, possibly guanidine, which is closely related to creatine. 

The experiments of MacCallum and Voegtlin [1909] and MacCallum and 
Vogel [1913] have indicated that the parathyroids are associated with the 
retention of calcium. Korenchevsky [1922] finds that no change in the calcium 
content of bone results on removal of the parathyroids. Vines [1921, 1922] has 
‘applied the use of parathyroid extracts to the treatment of certain diseases 
which he associates with a diminution in the ionic calcium of the blood, and 
by feeding parathyroid he was able to raise the ionised calcium to the normal 
value. 

Collip, Clark and Scott [1925] report that parathyroid extracts are of great 
benefit in removing the tetany of parathyroidectomised dogs and that adminis- 
tration of potent extracts to normal dogs results in hypercalcaemia. 

Paton and Findlay [1916] have indicated that the symptoms of para- 
thyroidectomy are due to the liberation of methylguanidine. Frank, Stern 
and Nothman [1921] suggest that the toxic agent is dimethylguanidine. Both 
these substances are closely related to creatine and creatinine. An increase 
in the excretion of creatine after parathyroidectomy has been found by 
Greenwald [1911] and a decrease in creatinine by Burns [1916] and by Green- 
wald. Henderson [1918] has shown that tetania parathyreopriva is associated 
with an increase in muscle creatine and a decrease in the total and free guanidine 
of muscle. Hammett [1921, 1] has demonstrated a direct relationship between 
the parathyroids and creatine metabolism. He found that the addition of 
parathyroid tissue to muscle extracts retarded the formation of creatinine 
which normally occurs during incubation. 
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The present investigation was started with the object of ascertaining the 
effect of parathyroid feeding and injections on the creatine metabolism of 
rats, as measured by muscle creatine and urinary creatine and creatinine. It 
was later extended, and a further series of experiments was carried out to 
determine the action of parathyroid feeding on calcium metabolism with 
reference to bone calcium. 

The thyroid and parathyroid glands of several rats were examined for 
histological changes. The results of this part of the work will be reported later. 

In every experiment the rats were weighed twice a week so that variations 
in weight and growth could be followed, and in all experiments except the 
injection series the food was weighed out and the residues collected daily and 
weighed in order to determine the effect of parathyroid feeding on appetite. 


METHODS. 


Feeding. Adult and young rats of both sexes were used for these experi- 
ments. They were fed on a diet of bread, butter and water. The desiccated 
parathyroid, in doses of 0-02 g. or 0-1 g., was mixed with a little bread and 
water and given to the rats before their main meal. No further food was given 
until all the parathyroid had been eaten. The rats were fed at approximately 
the same time each afternoon and the food removed early next morning. The 
parathyroid was administered daily for periods of 2 or 4 weeks. 

Injections. The parathyroid extract was injected daily for 4 weeks in doses 
of 0-5 cc. (= 0-00085 g. desiccated gland). 

In another series of experiments calcium lactate (0-21 g.) was given daily 
with and without parathyroid. 

Estimations. Muscle Creatine. The total creatine and creatinine of muscle 
was estimated as creatinine by the method of Janney and Blatherwick [1915]. 
The right hind limb was freed from muscle, as far as possible without injury 
to the blood vessels to avoid errors due to adherent blood. The muscle was 
well minced and a portion (3-5 g.) used for the creatine estimation; the other 
portion was used to determine the water content. 

Urinary Creatine and Creatinine. This series of experiments was carried 
out on four rats which were kept in small metabolism cages. In the experiments 
on the first three rats, 48-hourly samples of urine were collected for a period 
of 4 weeks. During the first 2 weeks the rats were fed on bread and butter 
alone, and during the second 2 weeks they received 0-02 g. parathyroid 
daily in addition. In the case of the fourth rat 24-hourly samples of urine 
were collected. The rat received bread and butter for the first 8 days, then 
0-02 g. parathyroid was added daily to the diet for 11 days. The urine was 
collected in a flask containing a trace of thymol, and was made up, together 
with the washings of the floor of the cage, to constant volume as recommended 
by Burns and Orr [1914]. Estimations were done on 24-hourly samples of 
urine + thymol to determine if any change in creatine-creatinine content takes 
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place if urine is kept for a day before estimating. The results showed that no 
appreciable change occurs. 

The creatine and creatinine were estimated by the micro-method of Folin 
[1914] using a standard of 0-2 mg. creatinine per cc. which was made up fresh 
for each estimation. Picric acid, purified and tested by the method of Folin 
and Doisy [1916] was used throughout the experiments. In order to correct 
any personal errors in reading the colorimeter, curves were plotted similar 
to those reported by Mellanby [1908] and by Hunter and Campbell [1916]. 
The urine was tested throughout the experiments for acetone bodies, but 
none was found. 

Bone Calcium. The bones used in every case were the right fibula, tibia and 
femur. The fibula and tibia were separated from the femur and all three care- 
fully freed from muscle, cartilage, ete. After drying at 107° for 16-17 hours 
to determine moisture content, the calcium was estimated in the dried bone 
by Aron’s [1908] method. 

RESULTS. 

Appetite and Weight. Observations were made on 118 rats but no definite 
relationship between appetite and weight was recorded. There appeared to be 
a slight increase in the appetite of the rats which received parathyroid; this 
effect of parathyroid feeding has also been observed by Kojima [1917]. In 
the young rats the variations in weight between the controls and those re- 
ceiving parathyroid were too small for it to be concluded that parathyroid 
feeding has any effect on growth, confirming the results of Cameron and 
Carmichael [1921]. 

Muscle Creatine. The results for the average muscle creatine values for the 
different series are given in Table I. In the results for the adult rats (series 
1-6) the only marked difference found is in series 4, and this was due to one 
of the rats giving an abnormally high value (0-546), so that it may be concluded 
that parathyroid feeding has no effect on muscle creatine. 


Table I. 


g. creatine g. creatine g. moisture 


No. of per 100 «. per L100 ©. per L100 ©. Diet daily Mode and duration 
Series rats moistmuscle dry muscle muscle go, of administration 
Adult Rats. 
l 21 0-478 1-923 75-2 N — 
2 18 0-483 1-877 74-4 0-02 P Orally—2 weeks 
3 8 0-476 1-993 76-0 0-02 P + 
4 3 0-507 2-022 74:8 0-1 P 4 ; 
5 6 0-481 1-843 73°3 0-21 Ca lactate im “es 
6 7 0-475 1-879 74-6 0-21 Ca lactate 2 
0-02 P 
Young Rats. 
vy (4 0-396 1-496 73-4 N 9 
: \4 0-419 1-633 74-4 0-02 P wo. 1s 
8 (4 0-459 1-836 74-9 N 9 
f \4 0-468 1-832 74-5 0-02 P er ge ge 
N =Normal diet. P =Parathyroids 
38 
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The results for the young rats confirm those of previous observers that 
there is less creatine in the muscle of young rats than in that of adult rats. 
In both series a slightly higher creatine value for moist muscle was found in 
the rats which received parathyroid. 

Urinary Creatine and Creatinine. The results of the urine estimations are 
given in Table II. The results are expressed as the average for the period of 
time mentioned. The normal average creatinine coefficient of rats 1, 3 and 4 is 
13-5. Rat 2 is omitted from the average as it is apparently an exception showing 
a very high creatinine coefficient (19-5) which is associated with an abnormally 
high creatinine excretion in proportion to its weight. The normal average 
creatine of rat’s muscle is given in Table I as 0-478 g. per 100 g. moist muscle. 
These results, taken in conjunction with those of Myers and Fine [1913], 
suggest that there is a relationship between the creatinine elimination and 
the percentage of muscle creatine of a given species, and the values obtained 
for the rat place it between the rabbit and man. 


Table II. Urine estimations. 


Adult Rats. 


Average values only are given. 


Creatinine Creatine Duration of 
per 2 days per 2 days Creatinine Diet experiment 
Rat me. mg. coefficient g. (days) 
1 (3) 12-9 2-8 11-4 N 14 
14-35 2-7 12-8 0-02 P 14 
Difference + 1-45 -0-1 +1-4 
2(3) 16-54 1-9 19-5 N 14 
14-8 5:8 17-9 0-02 P 14 
Difference — 1-74 +3-9 -1-6 
3 (3) 15-33 2-37 14-5 N 14 
15-03 2-61 13-1 0-02 P 14 
Difference — 0-30 + 0-24 —1-4 
Creatinine Creatine 
per day per day 
4 (2) 7-86 1-8 14-6 N 8 
76 2-2 13-9 0-02 P ll 
Difference — 0-26 +0-4 —0-7 


~ 


N =Normal diet. » = Parathyroid. 


Creatine in varying quantities is found to be present normally in rat’s 
urine [Folin and Morris, 1913]. 

An increase in the average creatine excretion is shown by rats 2, 3 and 4. 
This increase is associated with a decrease in creatinine excretion, and in 
rats 3 and 4 might be due to the alteration in the creatine-creatinine ratio, 
and not to a direct effect on creatine metabolism, since these rats show prac- 
tically no alteration in the amount of total creatinine excreted. Rat 2, on the 
other hand, shows a marked increase in the amount of total creatinine excreted 
and therefore suggests that parathyroid feeding not only alters the creatine- 
creatinine ratio in the urine, but also stimulates the production of creatine. 
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The results of the first experiment apparently contradict this effect. During 
the first 12 days on normal diet the creatinine excretions of this rat varied 
from 11-7-12-8 mg. per day. During the 2 days previous to the commence- 
ment of parathyroid feeding the creatinine excretion rose to 15-5 mg.—higher 
than the average value when receiving parathyroid. The apparent contradic- 
tion of these results, then, may be due to the fact that the value of creatinine 
excretion in rat 1 rose suddenly during the normal period and might have 
remained at this high level regardless of addition of parathyroid to the diet. 

Bone Calcium. Table III shows the average values for the calcium content 
of the bone of rats on normal diet and of those receiving parathyroid. In the 
case of the adult rats the bone calcium content is very similar for all three 
series, whilst the very slightly higher average value found in the case of the 
young rats fed on parathyroid as compared with the controls does not warrant 
the conclusion that parathyroid feeding has any definite effect. 


Table ITI. 
Adult Rats. 





g: Ca 2. Ca g. moisture 
No. of per 100 ¢. per 100g. per 100. Mode and duration 
Series rats moist bone dry bone bone Diet g. of administration 
l 7 16-2 23-3 30-6 N None 
2 7 15-9 22-2 28-9 0-02 P Orally—4 weeks 
3 3 15-5 31:3 0-1 P ae, 
Young Rats. 
(3 11-8 19-8 39-9 N 
+ 13 12-3 20:8 40-2 0-02 P Orally—4 weeks 
, (5 9-71 17:3 45-9 N . 
F (5 10-07 18-4 44-9 0-02 P Orally—4 weeks 
(3 9:17 17-2 45-9 N en ia 
© \3 946 . 18-4 48-4 0-0008 P Injected—4 weeks 
N =Normal diet. P = Parathyroid. 


GENERAL DIscussIon. 


The output of guanidine after parathyroidectomy, and the close chemical 
relationship between creatine and guanidine, suggest that the parathyroid 
may be an important factor in creatine metabolism. The experiments of 
Hammett [1921, 2] indicate that parathyroid extract inhibits the conversion of 
creatine into creatinine in incubated muscle. If muscle creatine is the origin 
of urinary creatinine, as is believed by some observers, it would be expected, 
since parathyroid extract inhibits the conversion of creatine to creatinine in 
muscle, that feeding with parathyroid would cause a decrease in the elimina- 
tion of the latter associated with an increase in that of the former. The results 
reported here support this view. 

The negative effect of parathyroid feeding on muscle creatine itself may 
be partly due to the fact that muscle is normally practically saturated with 


38—-2 








600 D. WOODMAN 


creatine, and even if this substance is fed, only a trace is taken up by muscles 
of adult animals. 

Experiments [Hammett, 1921, 2] which have been carried out on rats nor- 
mally used for experimental purposes and those which are “stock” and only 
come into such human contact as is incident to cleaning, feeding, etc., showed 
that there was a marked difference in the response of the two groups to removal 
of the parathyroids. The majority of the animals which survived belonged to 
the “experimental group” and Hammett suggested that their survival was 
due to an inherently smaller proportion of tetany-producing substances. The 
rats used in the present work were not equally tractable; some were much 
more excitable than others and this difference in excitability, if considered 
with the results of Hammett, and those of Pekelharing [1911] on creatine and 
muscle tone, may explain variations found in muscle creatine. Where a high 
state of neuro-muscular tension existed a higher creatine content of muscle 
would be found. 


SUMMARY. 


1. Administration of extracts of parathyroid has no effect on the weight 
of adult animals or on the growth of young animals. 

2. There appears to be an increase in the appetite of rats fed with para- 
thyroid. 

3. Parathyroid feeding has no effect on creatine metabolism as measured 
by muscle creatine. 

1. Parathyroid feeding causes an alteration in the ratio of creatinine to crea- 
tine excreted, resulting in the elimination of more creatine and less creatinine. 

5. Parathyroid feeding and injections have no effect on the deposition of 


calcium in bone. 


REFERENCES 


Aron (1908). Biochem. Z. 4, 268. 
Burns (1916). Quart. J. Exp. Physiol. 10, 361. 
Burns and Orr (1914). Brit. Med. J. ii, 505. 
Cameron and Carmichael (1921). Amer. J. Physiol. 58, 1. 
Collip, Clark and Scott (1925). J. Biol. Chem. 63, 439. 
Folin (1914). J. Biol. Chem. 18, 469. 
Folin and Doisy (1916). J. Biol. Chem. 28, 349. 
Folin and Morris (1913). J. Biol. Chem. 14, 509. 
Frank, Stern and Nothmann (1921). Z. ges. exp. Med. 24, 341-370. 
Greenwald (1911). Amer. J. Physiol. 28, 102. 
Hammett (1921, 1). J. Biol. Chem. 48, 143. 

— (1921, 2). Amer. J. Physiol. 56, 196. 
Henderson (1918). J. Physiol. 52, 1. 
Hunter and Campbell (1916). J. Biol. Chem. 28, 335. 
Janney and Blatherwick (1915). J. Biol. Chem. 21, 567. 
Kojima (1917). Quart. J. Exp. Med. 11, 272. 
Korenchevsky (1922). J. Path. Bact. 25, 366. 
MacCallum and Voegtlin (1909). J. Hap. Med. 11, 118. 
MacCallum and Vogel (1913). J. Exp. Med. 18, 618. 
Mellanby (1908). J. Physiol. 36, 445. 
Myers and Fine (1913). J. Biol. Chem. 14, 9. 
Paton and Findlay (1916). Quart. J. Exp. Physiol. 10, 233, 243, 315. 
Pekelharing (1911). Z. physiol. Chem. '75, 207. 
Vines (1921) Brit. Med. J. ii, 687. 
(1922). Proc. Roy. Soc. Med. 15, 13. 








aa 








LXXXIX. UREA ESTIMATIONS ON SMALL 
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By JOCELYN PATTERSON. 
From the Charing Cross Hospital Medical School, London. 


(Received June 11th, 1925.) 


Mucu attention has been given recently to attempts to reduce the amount of 
blood required for blood urea estimations to considerably less than the volume 
ordinarily taken in the well-known titration method of Marshall, Cullen and 
Van Slyke, for, where extended clinical work has demanded a number of 
estimations on the same individual, it becomes an impracticable proposition 
to obtain large blood samples each time. 

The methods of Hindmarsh and Priestley [1924], Rehberg [1925, 1] and 
Murray [1925] deviate from the classical method either in employing colori- 
metric means or special apparatus, whilst that of Thomas [1924] represents 
an adaptation of the old form to one-fifteenth of the ordinary amount of blood, 
by use of more dilute standard solutions of acid and alkali. With respect to 
the latter, however, it has been found [Murray, 1925]—and my own experience 
confirms the finding—that it fails to give consistent results. There would still 
seem, therefore, to be a place for a method following the lines of the long- 
established method of estimating blood urea, which overcomes in great measure 
the chief sources of possible error involved in the modification devised by 
Thomas. 

In making clinical blood urea estimations, I was led to attempt to adapt 
the ordinary titration method to cases where only 0-2-0-5 ce. of blood were 
available, on somewhat similar lines to those described by the last-mentioned 
author, but could not produce such satisfactory results as he has done even 
when using a larger quantity of material. Not only did there enter the fallacy 
of titrating with dilute standard solutions in comparatively large volume [see 
Rehberg, 1925, 2], but the use of methyl red as indicator also presented 
difficulties unless due care were taken to perform the final titration in complete 
absence of CO,. 

While experimenting with different indicators, my attention was attracted 
to the suggestion to use a combination of methyl red and methylene blue 
[de Wesselow, 1924], and I had no difficulty in finding a mixture of the two 
which gave rise to none of the difficulties encountered in the use of methy! 
red itself. The combined indicator, made up as stated below, is extremely 
sensitive to small additions of N/100 alkali over the slight range of py in which 
it changes from purple to green, and when once just completely green shows 
no signs of giving a return colour. Using a microburette with a capillary jet 
coated on its exterior with a thin film of paraffin wax, each drop can be re- 
duced to a volume of 0-014 cc., sufficient to produce quite a perceptible change 
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in the indicator. The greatest possible error in the titration, apart from errors 
in the calibration or reading of the burette, is represented by this figure, 
equivalent to slightly over 2 mg. per 100 cc. of blood, where 0-2 cc. are employed 
for the actual estimation. 

The technique incorporating the use of this indicator in order to work upon 
small quantities of blood and titrate in small volume is as follows. 

l ec. of 0-6 % potassium dihydrogen phosphate is placed in a flat-bottomed, 
stout glass tube and the blood sample (0-2-0-5 cc.) added to it from a capillary 
pipette, the latter being afterwards washed out with a portion of the phosphate 
solution. 0-2 g. of a well-mixed sample of finely ground soya bean meal is 
accurately weighed out and added to the contents of the tube, which are then 
incubated at 40° for 15 minutes. The ammonium salt is decomposed by the 
addition of 4 cc. of saturated potassium carbonate solution and 2 g. of solid 
potassium carbonate, a few drops of caprylic alcohol are then added, and the 
tube attached for aeration to sulphuric acid and titration tubes in the usual 
way. The titration tube is of resistance glass, 6’”’ x ®”, and contains 5 cc. of 
N/100 sulphuric acid if 0-5 ce. of blood is available for analysis, 2 cc. diluted 
with 2 ce. of distilled water, if the estimation is being done on 0-2 ce. of blood, 
with 3-4 drops of an indicator made up of 100 cc. of 0-02 % methyl red and 
30 cc. of 0-1 % methylene blue. 

Aeration requires about 1 hour if conducted at a rate which will ensure 
with certainty that the ammonia will be completely absorbed by the small 
volume of acid used. N/100 sodium hydroxide added from a 5 cc. micro- 
burette (a 2 cc. burette, graduated to 0-02 cc., when 0-2 cc. of blood are taken) 
is used in the final titration. 

The usual blank determination is performed in the same way as above, and 
its value subtracted from the blood values. 

For 0-5 ce. blood (blood reading — blank reading) cc. 
100 ec. blood. 

For 0-2 ec. blood (blood reading — blank reading) cc. x 150 = mg. urea per 


60 = mg. urea per 


100 ce. blood. 

In this way the figures obtained with 0-5 cc. of blood all agree within 
1 mg. per 100 cc. of blood with the values given by the ordinary method on 
3 ec. (using the mixed indicator in place of methyl red for the latter). Typical 
figures obtained by use of 0-2 cc. of blood and an ordinary make of 2 cc. 


microburette are: 
1. Standard urea solution. 


Urea mg. per 100 cc. Found 
20-0 18-0 
19-5 
39-5 36-0 
37-5 
40-5 
98-7 94-5 
93-0 
94-5 
96-0 
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2. Blood urea. 
Urea mg. per 100 ce. Found 
26-7 (by ordinary standard method) 27-0 
43-0 * a 40-5 
61-5 60-0 


” ” 


Such figures may be taken as sufficiently accurate for most clinical pur- 


poses. 
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INTRODUCTION. 


Ir is generally accepted that the oxidation of part of the lactic acid produced 
in muscular contraction and the simultaneous conversion of the rest of the 
lactic acid into glycogen form an essential part of muscular metabolism. If these 
conclusions are correct the existence of an organism which requires no oxygen 
for its metabolism, and yet is supplied with muscles having a normal contractile 
mechanism, is unlikely, unless by some means the oxidative recovery phase 
is dispensed with and the lactic acid removed by diffusion into the vascular 
system and ultimately excreted. The latter process would be a costly one, 
liberating less than a tenth of the total energy in the original glycogen. 

Weinland [1901], however, maintains that the intestinal worm Ascaris 
lumbricoides does not require oxygen for its metabolism and lives equally 
well in atmospheres of inert gases, whilst on the other hand, it is well known 
that this worm is capable of marked muscular movement. In explanation of 
the source from which the energy is derived, Weinland puts forward the 
suggestion that a process nearly allied to fermentation takes the place of the 
ordinary aerobic metabolism. 

The present work was undertaken in the first place to test the accuracy of 
Weinland’s conclusions in respect to the anaerobiosis of Ascaris, and in the 
second place if the worm proved to be truly anaerobic to investigate the 
nature of the muscular process involved. The investigation was not carried 
beyond the first stage as evidence was forthcoming which rendered doubtful 
the anaerobiosis of the worms, and precluded entirely the possibility of work 
in the absence of oxygen or its equivalent. 

It seems advisable before proceeding to the description of the experimental 
work to recapitulate briefly the evidence on which the anaerobiosis is based. 

Bunge [1884, 1890] states that various types of intestinal worms can live 
for periods of 5-6 days in the absence of air, but that they become dormant 
and refuse to move. Weinland [1901] repeated these experiments using a 
variety of gases, and states that the worms remain alive for periods up to 


9 days quite independent of the surrounding 


gas, except that in carbon 
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dioxide the life period is a little longer than the average. It is, however, un- 
fortunate in view of Bunge’s observations that Weinland gives no criterion 
by which he judged the worms to be alive, as some state akin to hibernation 
at once suggests itself. If the worms can, by remaining still, reduce their 
energy requirement to a very small amount, itis possible that there is a sufficient 
store of material capable of carrying out oxidation present in their bodies to 
maintain the necessary life processes for considerable periods, or that in these 
circumstances the energy is supplied by some purely temporary anaerobic 
process, which would be entirely inadequate for the normal energy require- 
ments. 

Other evidence advanced by Weinland consists of analyses of the body 
contents of the worms made at the beginning and the end of periods during 
which they were kept in 1 °% sodium chloride solution; and further of analyses 
of the surrounding fluids at the end of these periods. By such means Weinland 
hoped to show what substances were metabolised by the worms, and what 
were the products of metabolism. The chief differences found by Weinland after 
a period of starvation in sodium chloride solution were a large fall in the glycogen 
content and a still larger rise in the water content. There were also small losses 
in the glucose and protein but not of the same order as in the case of the 
glycogen. The surrounding solution Weinland found to be acid and evil 
smelling. This he claimed to be due to the presence of valeric acid, but there 
is some doubt as to the validity of his findings owing to the inherent difficulty 
of his analytical methods. 

The other product of metabolism identified by Weinland was carbon 
dioxide, and he explained the process involved by the following equation 
although he did not identify the hydrogen. 

41C,H,, 0;.H,O = 9CO, + 3C;H,,) O, + 9H. 
glycogen valeric acid 
The tentative suggestion put forward by Weinland that the hydrogen reduced 
some other body constituent is only another way of postulating a hydrogen 
acceptor, which must be used up in the process and whose absence would 
probably cause death. 

In order to meet the criticism that acids similar to valeric (acetic, butyric, 
lactic and succinic) are produced by intestinal bacteria, Weinland [1902] 
pressed the worms and obtained a juice which he sterilised by the addition 
of disinfectants such as sodium fluoride, toluene, etc. This sterile juice he 
added to solutions of glucose and glycogen and obtained results similar to 
those which were given by the worms, ¢.e. valeric acid formed in the solution 
and carbon dioxide given off. In a more recent paper Anton Fischer [1924] 
does not agree with these findings. Fischer estimated the total acidity in a 
solution in which Ascaris megalocephala had lived, and also the lactic acid, 
and found that the lactic acid amounted to about 10 % of the total acidity. 
If, however, the worms were first ground up and the pulp sterilised with 
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toluene, the only products of autolysis were lactic and phosphoric acids. In 
view of this work it would appear that Weinland had not succeeded in render- 
ing the pressed-out juice free from bacteria, and hence there is no evidence 
that the volatile fatty acids found in connection with the worms are not the 
products of bacterial action. 

The present work divides itself into two sections: 

(1) an attempt to repeat Weinland’s experiment on the length of life of 
Ascaris lumbricoides in hydrogen, but at the same time using means to ensure 
their continued activity, and 

(2) an investigation of the products of the activity of the bacterial 


organisms found in conjunction with the worms. 


DURATION OF ACTIVITY IN HYDROGEN. 

A number of worms (Ascaris lumbricoides) freshly taken from the gut of 
a pig, were washed in warm Ringer solution, and placed in bottles containing 
a 1 % solution of sodium chloride boiled to expel air. 

Two worms of equal size were placed in each bottle, and the bottles closed 
by means of a cork through which inlet and exit tubes were passed. In this 
and subsequent experiments great difficulty was encountered in keeping the 
inlet tubes clear, as, unless care was taken to prevent it, the worms climbed 
up the tube until in the end one became firmly fixed in it. This is an interesting 
example of what appears to be a definite purpose in the movements of these 
creatures. A slow stream of hydrogen was passed continually through the 
solutions, and the temperature maintained at 37°. The hydrogen after passing 
through the bottles was passed through a wash bottle containing baryta. 

After the worms had become accustomed to their surroundings, they ceased 
to be active, and except for slight occasional movements remained so for 
5-6 days, the only definite movements being those in connection with climbing 
the inlet tubes. At the end of this time the bottles were opened and allowed 
to stand in air, when within a short time the worms began to move freely, 
and this movement was increased if they were transferred to clean saline. The 
wash bottles containing baryta showed that carbon dioxide had been produced 
in considerable quantities. The sodium chloride solution in which the worms 
had lived had a characteristic unpleasant smell resembling that of the lower 
saturated fatty acids. The solution also gave qualitative tests for lactic acid. 

These experiments confirmed in the first place Bunge’s observations that 
the worms became dormant, and also in general the observations of Weinland. 


It remained now to test whether if the worms were stimulated to continuous 
activity, they would live as well in hydrogen as in air. In order to do this two 
electrodes were introduced into the bottles and connected with the secondary 
circuit of an induction coil. By this means an interrupted current was passed 
through the solution from time to time, as often as was found necessary in 
order to keep the worms in movement. The circuit was arranged so that as 
nearly as possible equal stimulation was given in each containing vessel. 
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Three bottles were used each containing two worms. A continuous stream of 
hydrogen was passed through two of the bottles, whilst through the third 
a similar stream of air was drawn by means of a filter pump. The liquid used 
in the bottles was mammalian Ringer solution. All the experiments gave 
similar results, the following being a typical example of the findings: 


Bottle 3 
Worms 
Bottle 1 Bottle 2 in 


Date 
Remarks Worms in air Worms in hydrogen hydrogen 


1924 Time 
24. iii. 3 p.m. Experiment started All worms moving freely but slowly without stimulation 
3.45 Continuous stimulation Violent movement Responded to stimulus, but not so 

for 5 mins. violently as worms in air 
3.50-4.40 No further stimulus Continued violent Little further movement 
movement 
4.40 Stimulation for 2 mins. Very violent move- Moving slowly 
ment 


” 


” 


; 
i ed 
| 25. iii. 10 a.m. All worms quite still 


10.15 Stimulation for 5 mins. Fairly active Only a very slight movement 
11.15 and Stimulation for 2 mins. ‘i Slightly more movement but very 
every weak and jerky 
hour to 
6 p.m. 
26. iii. 10 a.m. All worms quite still 
10.30 Stimulation for 5 mins. Considerable move- No movement A few 
ment increasing slight 
with stimulation tremors 
10.40 Air admitted to bottle 2 
10.45 Moving easily Slight movement Quite still 
10.50 Stimulation for 2 mins. Slight movement con- 
firmed 
11.30 Movement increased 
12 noon ” 


1 p.m. » 
2 Movement less 


marked 
3 Movement entirely 
stopped 
It appears that the worms in both 
these bottles were dead 
27. iii. 10 a.m. Stimulation for 2 mins. Moving easily No response whatever in either 
bottle 
Three other experiments were carried out, the result of one being identical 
with that given above, whilst in the other two where stimulation in hydrogen 
was not carried so far before the admission of air, the worms to which the air 
was admitted recovered completely. In no case did the worms which had a 
continuous supply of air cease to move, and in every case those which were 
entirely deprived of air became motionless in times varying from 24-48 hours. 
From these experiments it appears reasonable to conclude that the worms 
are incapable of continuous movement in the absence of oxygen or its equiva- 
lent, and that it is only by avoiding movement that they are able to live for 
long periods in atmospheres of inert gases. 
One criticism which might be made of these experiments is that the oxygen 
is necessary only for the excitation mechanism which is stimulated by the 
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current, and not for the actual muscular movement. If this were the case, 
however, it would be expected that the worms would commence to move 
freely almost as soon as the oxygen was admitted, whereas they recover only 
very slowly. 

It might also be suggested that the stimulating current by becoming 
partially rectified may have introduced small quantities of electrolytic oxygen 
which might have the effect of rendering possible movement in the anaerobic 
vessels longer than would otherwise be possible. This does not appear to be 
likely however as the stream of hydrogen would rapidly wash away any 


oxygen formed. 


EXAMINATION OF THE PRODUCTS OF BACTERIAL ACTION. 


Several attempts were made to obtain the worms in a bacteria-free con- 
dition in order that they might be examined without the confusion consequent 
upon bacterial activity. All common antiseptics in concentration sufficient to 
render the worms free from bacteria had at the same time a lethal effect 
on them. Proflavine was tried in concentrations necessary for effective sterilisa- 
tion (1 in 10,000), but the worms died in 1—2 days showing marked staining by 
the antiseptic. It was therefore decided to prepare a culture of the bacteria 
and to test this alone, as the worms could not be tested without the bacteria. 

A peptone culture was prepared of the fluid in which the worms had lived. 
A number of mixed colonies resulted, and a solution containing salt, peptone 
and glucose was inoculated with bacteria from as many of these colonies as 
possible. After 2 days at 37° the solution was examined and found to smell 
unpleasantly. A part of the acid in the solution was distilled in steam and 
on examination appeared to be a mixture of saturated fatty acids (acetic, 
butyric, etc.) such as those which are characteristic of the solution in which 
the worms have lived. 

The further examination of these acids was not attempted as it seemed 
that no useful purpose would be served by this investigation unless pure 
cultures were first obtained; it had been established that the products of the 
bacterial action were at least very similar to those of the worms plus bacteria. 


DIscUSSION AND CONCLUSIONS. 


The general conclusion to be drawn from the experiments described appears 
to be, that although the worms are capable of prolonged existence in the 
absence of air, they achieve this only by cutting down their movements to a 
minimum, and that for their normal metabolism they require a supply of 
oxygen or its equivalent. Weinland’s observations in themselves are confirmed, 
but he was misled by this faculty of “suppressed animation” into attributing 
to the worms an anaerobic mechanism. The metabolism of the worms is in 
general normal and the presence of the volatile fatty acids is due to bacterial 


activity. 











METABOLISM OF ASCARIS 609 


This conclusion involves the assumption that the worms have the power 
of reducing their rate of metabolism to a very small value at 37°. Although 
reductions in metabolic rate are common in many animals at low temperatures 
during periods of hibernation, the present case appears to be without precedent. 
This may be due to the fact that the Ascaris has no circulatory systen and is 
maintained at a constant temperature in the gut of its host. 

It was hoped that calorimetric measurements of the metabolic rate in 
oxygen and in hydrogen could be made in order to confirm this point, but 
owing to the accompanying bacteria this was found to be impossible. It is 
proposed at a future date to carry out some measurements on the respiratory 
exchanges of thin strips of muscle tissue from the worms, which have been 
rendered bacteria-free, and thus to establish certainly whether oxygen is 
metabolised or not. 

There are two further points which require comment. The first of these 
is the question of the oxygen supply to such an organism living in the gut of 
a mammalian host. It has been maintained that the oxygen pressure in the 
gut is almost negligible, and it has been generally assumed in consequence 
that there is no oxygen available for any organism living in the gut. A more 
careful consideration of the circumstances suggests however that this view 
may not be wholly correct. The gut is in intimate contact with the portal 
circulation, which during the period of digestion is highly oxygenated (the 
epithelial cells of the gut wall must themselves use oxygen), and hence it is 
to be expected that the gut and the neighbouring gut contents will have 
available an appreciable oxygen supply. The strongly reducing character of 
the gut contents is sufficient to explain the difficulty of finding oxygen in the 
intestinal gases. That molecules much larger than oxygen can be absorbed 
from the blood stream by parasites living in the gut is illustrated by an 
observation made by Dr Wollard (appended as a note to this paper), in which 
a tapeworm was found to have absorbed methylene blue, which had been 
injected intravenously into its host. 

The other point requiring comment is the utilisation by the bacteria in 
the saline of carbohydrate derived from the bodies of the worms. The only 
conclusion which seems possible is that the carbohydrate (possibly as lactic 
acid) is excreted by the worms through their simple gut wall into the saline. 
The absorption of water from 1 % saline, and the extreme sensitivity of the 
worms to lower concentrations, suggests that the gut contents of the host 
rarely fall below that concentration under normal conditions. Hence if the 
gut wall of the worms is permeable in both directions, the conditions would 
be favourable to the excretion of the carbohydrates which are present in the 
body cavity of the worms in high concentration. 


In conclusion the author wishes to acknowledge his thanks to Prof. H. 8S. 
Raper for the interest which he took in the work, the major part of which was 
carried out in his laboratory at Manchester. 





W. K. SLATER 


NOTE BY H. WOLLARD. 


ON THE ABSORPTION AND SUBSEQUENT REDUCTION BY A TAPEWORM OF 
METHYLENE BLUE FROM THE GUT OF ITS HOST. 


A rat which had been injected for another purpose with 0-05 % methylene 
blue in normal saline at body, temperature and immediately opened up, was 
found to contain a large tapeworm in its small intestine. The intestines had 
rapidly become blue. (Structures such as the nerve endings in muscle had 
been readily stained.) Portions of the tapeworm which was perfectly colour- 
less were withdrawn and placed in air. These portions showed slight contractions 
and relaxations, and after they had been exposed to air for some time they 
exhibited a uniform blue colour of moderate density. They were not so deeply 
stained as the intestine, but the colour was approximately the same as that 
shown by the surface of the striated muscle. Several proglottides were placed 
on a glass slide and covered by a cover slip. The segments began immediately 
to decolorise and were soon quite colourless. This process of coloration and 
decoloration could be watched under the microscope by raising and lowering 
the coverslip, and it was observed to be taking place in the cytoplasm of the 
cells. The particles of the dye accumulated as perinuclear rings, and there 
underwent decoloration. 
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Tue purpose of this paper is to describe the glass electrode as a means of 
measuring hydrogen ion activity. By it a py determination can be made on 
0-5 cc. or less of liquid, whether clear, coloured or turbid, easily reducible, or 
unstable in air, with an accuracy of 0-02 py, the experiment taking less than 
5 minutes, and the sample being returnable chemically unchanged at the end. 

Throughout this paper the term c,; is taken to designate the hydrogen ion 
activity, and py the negative logarithm of the hydrogen ion activity. 

The possibility of the use of glass as an electrode for hydrogen ions was 
first discovered by Haber and Klemensiewicz [1909] and was confirmed by 
Freundlich and Rona [1920]; the glass electrode was compared with a hydrogen 
electrode by Hughes [1922], v. Steiger{1924] and Briske [1924] and correlated 
with the chemical composition of the glass by Horovitz [1923] and Schiller 
[1924] and described with some experimental detail by Brown [1924]. 

The chemical and physical theories as to the behaviour of the glass are not 
considered here, as the true explanation does not yet seem to have been found 
beyond dispute. Used empirically the method is simple, needing only extreme 
care in the technique. There has been some hesitancy in the adoption of the 
glass electrode—a hesitancy quite out of proportion to the unique advantages 
and facile manipulation it can present when once carefully set up. 





GENERAL PRINCIPLES. 


Glass is used as a membrane to separate two solutions of different hydrogen 
ion activity. If the membrane be thin enough—about 25, in its thinnest 
part—the electromotive force between the two solutions set up by the differ- 
ence in activity may be measured. If the c,,; of one solution be known, that 
of the other may be calculated from the electromotive force. Contact is made 
with the solutions by the arms of two saturated KCl-calomel electrodes 
arranged to oppose one another. The £.M.¥. arising from this cell combination 
is balanced and measured potentiometrically. 

The technical difficulties are caused by the high resistance of the glass 
membrane (50-100 megohms), the electric current naturally tending, if 
possible, to short-circuit the electrode by leaking through what would normally 
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be considered an insulating medium, and especially across dirty or moist 
surfaces of insulators. Dirt is always a difficulty, but the trouble with moisture 
varies, being more obvious in summer than in winter, as, in the summer, room 
air has a greater relative humidity. 

Fig. 1 shows the general arrangement of connections. 
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The Glass Electrode. 

The electrode must be so designed as to present a very thin glass membrane, 
so held by stronger glass that it may separate two solutions. The simplest 
form used by all previous workers was that of a small bulb blown at the end 
of a piece of glass tubing. The one solution was put inside the bulb, while the 
other solution was held in a beaker in which the bulb was immersed. This 
shape has several disadvantages; for example, some 20-30 cc. at least of the 
liquid of unknown py, are required in the beaker; it is not easy to fill and re- 
fill the bulb attached to the tubing as there is no exit for the air; and more- 
over the bulb is very easily broken. It is naturally under some strain, being 
of the limiting thickness capable of holding together as a bulb. In stirring 
the solution in the beaker, or in washing and drying the bulb, great danger of 


breakage is incurred. 

A form of electrode found very convenient for biological purposes is 
illustrated in Fig. 2. The membrane in this case is in the shape of a deep spoon 
sucked inside a bulb of thicker glass. This is very easily glass-blown after a 
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little practice. The solution of known py may be filled into the outer bulb by 
turning the electrode on its side and putting the tube A under the jet of a 
pipette or burette, the air in the bulb escaping through B. The other solution, 
that of unknown py for example, is put into the spoon. The advantages of 
this form are self-evident. Filling, washing and emptying the inside solution 
are simple operations. The membrane blown in this way seems to be under less 
strain than when blown at the end of a tube, and does not break so easily, 
and the quantity of liquid required for the spoon is very small. The total 
capacity of the spoon is about 1 cc. and it need never be more than half-full. 
A smaller quantity than 0-5 cc. may be used if necessary. If the liquid under 
experiment is liable to air oxidation or to loss of CO, it may be covered with 
liquid paraffin without affecting the u.M.r. 

Another form of electrode found convenient, especially when the samples 
of unknown py solution can be allowed to flow successively through the 
electrode or when it is desirable to work in a thermostat, is shown in Fig. 3. 
The solution of known py is placed in the outer vessel and the unknown solution 
in the narrow tube going through the ground stopper. A thin bulb is sucked 
into an enlarged part of this tube. The total capacity of the tube is about 1 ce. 





The glass used for the electrodes was an ordinary soft soda laboratory glass. 
Haber used originally a soft Thiiringian glass. Horovitz [1923] and Brown 
[1924] found that certain borosilicate glasses act as electrodes for sodium as 
well as hydrogen in certain ranges of py, or as mixed electrodes. I have found 
that certain glasses which acted as mixed sodium and hydrogen electrodes, 
when a sodium phosphate buffer mixture was used as the known solution, 
~ acted accurately as H’ electrodes when the Na phosphate solution was replaced 
by a K phosphate or a KCl solution. No results could be obtained with 
“Durosil” glass, or with pure silica electrodes, presumably because the 
resistance of these membranes was too large even when thin. 


The Calomel Electrodes. 

The calomel electrodes were of the type shown in the diagram and were 
filled with saturated KCl solution four times re-crystallised. The calomel was 
prepared electrolytically according to instructions given by Clark [1923]. 
39 


Bioch, x1x 





614 P. T. KERRIDGE 


The contacts with the glass electrode solution were made in the manner 
shown, special care being taken to avoid diffusion of the heavy saturated KCl 
into the other solution, which may alter the E.M.F. by 2 or 3 millivolts. A tap, 
ungreased in the middle race and turned off, allows sufficient KCl to pass for 
electrical contact, but allows no flow. Another useful device to avoid diffusion 
is to leave a small bubble in the end of the glass capillary tube dipping into 
the electrode, the sides of the glass being wet enough to conduct. Convenient 
latitude in manipulation is obtained by attaching the arm of the calomel 
electrode to a rack and pinion, so that it can be readily lowered to, or raised 
from, the solution in the spoon of the glass electrode. The contact to the other 
calomel electrode is by means of narrow tubes and a small cup with a ground 
stopper. As a further precaution these tubes are removed from the electrode 
between readings. 


The Potentiometer. 


Theoretically only one potentiometer should be necessary for the measure- 
ment of the £E.M.¥F., but in practice it is convenient to use a Pye rotary potential 
divider, together with a 2-volt accumulator and a 100 ohm resistance, to tap 
off the current required to balance that from the electrodes, and a potentio- 
meter to measure accurately the current thus tapped off. The latter is standard- 
ised by means of a standard cell, and is used in conjunction with a small 
pointer galvanometer; or a combination apparatus, such as that supplied 
by the Cambridge Scientific Instrument Co. for hydrogen ion concentration 
measurement, may be employed. 


The Electrometer. 


A quadrant electrometer of the Dolazalek type has been used as null point 
indicator in the electrode circuit. The difficulties which may be encountered 
in adjusting the instrument to give reliable and sensitive readings are described 
in the paper by Brown [1924]. A Lindemann electrometer, which is small and 
portable, is unfortunately not sensitive enough for the purpose. 


The Switches and Connections. 


Owing to the high resistance of the glass electrode, and the sensitivity of 
the electrometer, special precautions have to be taken with regard to insulation 
and to shielding. The high tension battery used for charging the electrometer 
needle was supported on paraffin wax blocks, and was on a wooden table 
separated by an air gap from the table carrying the electrodes. The latter were 
enclosed in an earthed cage of wire netting. The glass electrode was supported 
on a block of wax; and, as in the case of the calomel electrodes, was insulated 
by an amberite rod held in an earthed metal stand. All connections to 
earth were of bare thick copper wire which was soldered where required. 
In the first instance, other connections were of varnished copper wire sus- 
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pended by paraffined string, junctions being sunk in paraffin wax and the 
whole surrounded by a large cylinder of earthed wire netting. This arrange- 
ment was found unsatisfactory, as in time the wax became dirty, and in wet 
weather the surface was moist and the amount of leakage considerable. Such 
difficulties were entirely avoided by the use of lead shielded telephone cable. 
The Callendar Cable and Construction Co. kindly presented us with a length 
of their dry core cable, in which the insulating medium is virtually the air 
in the pores of paper dried in a vacuum at 250°. They also sent two wooden 
boxes soaked in wax, in which wax-embedded connections to lighter cable 
leading to the electrometer and to the switch could be made. This lighter 
cable for small length connections was made by putting varnished copper 
wire through narrow waxed glass tubing; this was surrounded with rubber 
tubing, and all the space inside filled up with wax. The rubber tubing was 
sheathed on the outside with copper tape, which could be earthed, as was the 
lead sheath of the heavier cable. Care was taken that the wax used had never 
been heated above its boiling point, when its insulating properties are 
impaired. 

This arrangement eliminated all leakage troubles satisfactorily and allowed 
the work to be carried on even on wet days. 

Porcelain switches embedded in wax were unsatisfactory for the reason 
given above, 7.e. that surface leakage starts after a time on account of dirt 
and moisture. For charging the electrometer needle with 100 volts, and for 
discharging it, an ebonite switch with brass conductors and ivory handles 
was used. For connecting the glass electrode to one or other pair of quadrants 
of the electrometer, and for earthing these, a switch was made having 
amberite insulators. The terminals on the ebonite top of the switch were 
surrounded by amberite collars, and were covered with earthed metal shields. 


Manipulation. 


Newly-blown glass electrodes require careful cleaning with chromic acid, 
steaming for about 2 hours and soaking in distilled water for 24 hours before 
they can be used. Even after this treatment there may be a potential at the 
glass surface of 40 millivolts or more, which decreases slowly with time until 
after about 2 days it reaches a constant level of 4 or 5 millivolts which it will 
retain for weeks. (This contact potential may possibly be due to a state of 
strain in the glass.) 

The system may be represented as follows: 


Hg | Hg,Cl, in | KCl | Sol" |/) Sol” | KCl | Hg,Cl,in | Hg 


| satd KCl | sata Pu. ||| Pu, | sat? | sat? KCl 


Glass membrane 


The E.M.¥. of the combination is given by 


RT 
E= F (Pu, — Pu,) + £9, 


39—2 
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when E£ is the total £.m.F., Eg that occurring at the glass membrane. If E 
and Eg are measured in millivolts, > is equal to 57-7 at 18°. 


One method of finding the value of Eg is to put the same solution on both 
sides of the glass so that py, = py,- Practically, however, the more accurate 
way of working is to have at hand a small quantity of a buffer solution of 
known py either freshly prepared from highly purified chemicals [Clark, 1923] or 
tested by the hydrogen electrode. The solution p,;, may then be a stock buffer 
solution, say of potassium phosphates, whose py need never be accurately 
known. With this solution in the outer bulb and $ cc. of the standard solution 
in the spoon, a reading of the E.m.¥. (EZ standard) is taken. The standard 
solution is then emptied from the spoon, the latter washed several times with 
distilled water and filled with the solution of unknown py (py,). The E.M.F. 
is again measured (F,). py, is then readily calculated from the equation 

, Esta. — Ex 
Pux = Pista. = “RT 
¥ 





—? Pusta. + a at 18°. 

This method of standardisation eliminates any error due to slight inequalities 
between the calomel electrodes or to liquid-liquid contact potentials. One 
standardisation at the beginning of each day’s series of experimentsis sufficient, 
but it may conveniently be repeated at the end of the day for confirmation. 

In measuring the E.M.F. it is often quicker to balance only approximately 
with the potentiometer and then to read the remaining small deflection of 
the electrometer; the sensitivity of this instrument may be determined by 
measuring the change in deflection for a known change in E.M.F. 

Lastly, the need for great cleanliness cannot be too strongly emphasised. 


Application. 


The technique described has been employed for some 450 estimations of 
the py of various substances. A few typical examples are: 


Material Pu 
Blood (human-oxalated) ... 7-42 
Blood (dog-defibrinated) ... zs 7-75 
[Blood by Dale-Evans’ method ... 7-73] 
Flour (turbid mixture with H,O) 6-15 
Bean seedlings (aqueous extract) 5-87 
Phosphate solution 10-5 
Phosphate solution Me zie 7:37 
[Phosphate by hydrogen electrode 7:39] 
Sycamore leaves (aqueous extract) 4-88 
[Sycamore by hydrogen electrode 4-91] 
Culture medium (broth, etc.) 5-95 


I am indebted to Dr Chibnall for the measurements indicated on the 
hydrogen electrode. 
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A comparison also of the “buffering powers” of heart and skeletal muscle, 
by means of titration curves, has been possible by the use of the glass 
electrode. These results will be published later. 


I am deeply grateful to Prof. A. V. Hill, F.R.S., for much help and advice 
during the course of this research, which was carried out with the aid of grants 
from the Scientific and Industrial Research Department and the Medical 
Research Council. 


SUMMARY. 


1. The use of the glass electrode as an instrument for biochemical in- 
vestigation is discussed, and its technique described in detail. 
2. Two modified forms of electrode requiring only 0-5 cc. of liquid for 


examination are described. 
3. Examples are given of the use of the electrode for various biochemical 


substances. 
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THE separation of complement by various methods of protein precipitation 
into mid-piece and end-piece, or globulin and albumin fractions, has been 
well established. 

Ferrata [1907] and Brand [1907] effected the separation by dialysis, 
Liefmann [1909] by saturation with CO,, and Sachs and Altmann [1909] by 
the use of dilute hydrochloric acid. Although the two fractions may be present 
as a single component in the original serum, the method of separation by 
dialysis appears to support the view that they are separate entities from the 
first; other evidence is in favour of some loose chemical or physical union 
between them. On the other hand, Browning and Mackie [1913] contend that 
the so-called mid-piece and end-piece fractions do not represent constant 
entities, basing this view on inability to get perfect separation on every 
occasion by the CO, method of Liefmann and on the results given by their 
ammonium sulphate separation. It seems, however, too exacting to expect 
the simple methods of protein separation to give results comparable with those 
of inorganic methods, although our experience of these methods, especially 
Liefmann’s, has been rather more satisfactory. We find in almost every 
experiment that the separate fractions give practically no complement action 
whatever even when quantities corresponding to four times the minimum 
haemolytic dose (M.H.D.) are used, whereas, when combined, they show 
practically the same activity as the original complement. 

Von Dungern [1900] was the first to describe a phenomenon whereby 
complement is inactivated by treatment with yeast cells. His observation 
was confirmed by Ehrlich and Sachs [1902], and Coca [1914] further showed 
that the inactivation was due to the removal of a relatively heat-stable 
component and not to the addition of an inhibiting factor. He found that 
yeast-treated complement could be reactivated by the addition of normal 
guinea-pig serum which had been inactivated by heating at 56°, or of either 
the mid-piece or end-piece. He also concluded that a similar inactivation of 
complement by means of cobra venom, observed by Braun [1911], Omorokow 
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[1911] and Ritz [1912], was due, not to absorption of the heat-stable component 
as in the case of yeast, but to inhibition of the function of this factor. He 
observed that cobra-venom-inactivated serum could at times supply the heat- 
stable factor to yeast-inactivated serum. Browning and Mackie [1914] 
working with cobra-venom-inactivated serum found that the heat-stable or 
third component was present in the mid-piece but not in the end-piece. 
Jonas [1913] working with pigs’ serum found that this serum was particularly 
rich in third component, which was present in both mid-piece and end-piece. 
Moore [1919], Coca [1920] and Hyde [1923] reported the discovery of a race 
of guinea-pigs whose complement was deficient in third component. The serum 
from these guinea-pigs showed practically no complement activity, but could 
be activated by the addition of small amounts of heated serum in the same 
manner as yeast-treated serum. 

Although the theories of complement action assuming the presence of 
mid-piece and end-piece have gained general acceptance, the presence of the 
third component in complement seems to be doubted by many observers. 
Thus references are made to the “so-called” third component and at other 
times the facts relating to this factor are disregarded. Browning and Mackie 
[1913] consider that it is doubtful whether the assumption of a third component 
can explain all the phenomena and conclude that complement power is due 
to the interaction of many factors.. Brooks [1920], on the other hand, considers 
that only one haemolytic substance is concerned, which is constantly being 
formed from some precursor (probably a lecithin), but he admits that this 
lytic substance is dependent for its action upon the state of the serum proteins. 
The importance of the protein constituents in serum is emphasised by the 
experiments of Jacoby and Schiitze [1910] on inactivation by shaking, and 
by those of Michaelis and Skwirsky [1910, 2] and the present authors [1925] 
on the destruction of part of complement by proteolytic enzymes. There 
seems, indeed, sufficient evidence to warrant the view that the serum proteins 
play a much greater part than is suggested by Brooks. 

The objects of the present work were: 

(i) A fuller study of the action of yeast in removing third component. 

(ii) An attempt to determine the actual nature of the process and to obtain 
a more satisfactory and constant agent than yeast. 

(iii) To determine whether the third component is definitely associated, 
chemically or physically, with either of the two well-established protein 
fractions. 

Dr R. R. Hyde of The Johns Hopkins University, Baltimore, kindly sent 
us some dried Fleischmann’s yeast, which he recommended as an inactivating 
agent and this proved to be much more efficient than ordinary baker’s yeast. 
Both yeasts, however, inactivated guinea-pig serum when used in excess, so 
that a paste was formed. The serum obtained by centrifuging the mixture 
after incubation for 2-3 hours was usually quite devoid of complement action 
and its activity could be restored by adding small amounts of guinea-pig 
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serum inactivated by heating at 56°. The method was, however, by no means 
certain, since much depended on the amount of yeast used and the time of 
incubation. The only way to obtain an inactive serum with certainty was to 
prepare a large quantity of yeast-serum mixture and to withdraw samples 
after various periods of incubation. It was while endeavouring to determine 
whether the inactivation process was an enzyme action that a better method 
was discovered. Yeast heated in saline at 100° for half to three-quarters of 
an hour proved a better agent than fresh yeast and a preparation of zymin 
powder similarly heated was the best inactivator found. Heated zymin was 
almost invariably successful in removing the third component from serum by 
2 hours’ treatment. 

Before assuming that the process is one of adsorption several alternative 
possibilities must be eliminated: 

(a) One of the enzymes of the yeast may destroy the third component. 
As already mentioned, prolonged heating of yeast and zymin at 100° improved 
their action so that an enzyme action appears unlikely. The possibility that 
the enzyme or enzymes concerned are intra-cellular and, therefore, more stable 
towards heat must, however, not be overlooked. In zymin powder the yeast 
although dead still retains some of its cellular structure. 

(6) Inhibiting substances from the yeast may pass into the serum. Coca 
showed that this did not happen and our experience confirms his results. 
Further evidence against this theory was obtained by testing the action of 
yeast-treated sera on diminishing amounts of complement, when no inhibition 
of complement action was obtained. 

(c) The yeast may raise the salt content of the serum so much that 
haemolysis is inhibited by osmotic action. This has been disproved in two ways. 
Yeast-inactivated serum requires exactly the same amount of distilled water 
to render it haemolytic for unsensitised red cells as does the corresponding 
normal guinea-pig serum, showing that the two sera are isotonic. Also, 
dialysis of yeast-treated serum against normal saline does not in any way 
affect its properties, i.e. its complete lack of complement activity and its 
activation by solutions containing the third component. 

(d) The yeast may cause an acidity in the serum sufficient to precipitate 
the mid-piece or globulin fraction. As will be shown later this is not the case, 
since yeast-inactivated serum still contains mid-piece. 

It seems certain therefore that yeast inactivates guinea-pig serum by 
combining physically or chemically with a heat-stable component of the serum. 

It was thought possible that some other mechanical adsorbent might be 
substituted for yeast or zymin with the advantage that a more uniform reagent 
would be available. With this end in view, kaolin and charcoal, as typical 
adsorbents, were tried in place of yeast. Hecht [1923] states that kaolin 
adsorbs the mid-piece of complement most readily, but in our experiments 
both charcoal and kaolin when used in excess appear to remove all constituents 
of the serum and to have no specific effect on the third component. Kaolin 
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indeed seemed to remove the third component with least certainty, since 
several samples of serum treated with it, whilst quite inactive alone, contained 
some heat-stable factor and gave haemolysis when added to inactive yeast- 
treated serum. A curious fact noted with both kaolin and charcoal was that 
the serum after treatment was slightly alkaline in reaction whereas with yeast 
the reaction was distinctly acid. 

In order to determine the relation of the third component to the other 
fractions of complement, serum was separated into globulin and albumin 
fractions or mid-piece and end-piece (hereafter known as M and £) by Lief- 
mann’s CO, method with various modifications described later. Two clear-cut 
fractions were almost always obtained which showed no complement action 
separately. Solutions M and E were tried for complement action in combina- 
tion with inactive sera, produced by the action of various yeast and zymin 
preparations, and both solutions usually proved to be activating agents, 
proving the presence of the third component in each. It was found, however, 
that E had to be used, in nearly every case, in greater quantity to produce 
complete haemolysis and occasionally no third component could be demon- 
strated in this fraction. M and E were then heated at 56° until they contained 
no mid-piece or end-piece and practically the same result was obtained with 
the heated as with the unheated solutions. 

It seems likely, therefore, that methods of protein separation have no 
specific action on the third component but that part of the latter is carried 
down with the globulin precipitate, the proportion varying with each individual 
serum and perhaps with the conditions of the experiment. In general, we have 
observed that in sera rich in heat-stable factor, both fractions contain this 
activating principle, and in cases where there is only a little, the globulin 
precipitate (J) appears to carry down the greater part, if not all. 

Serum inactivated by yeast or zymin has been shown to contain both 
M and E but not the third relatively heat-stable component, and therefore 
separation of the inactive serum by CO, should give fractions free from the 
heat-stable factor. The separation was carried out and the mid-piece and end- 
piece fractions (M1 and EF") so obtained were found to have no complement 
action singly or when added together in varying proportions. E' could on 
every occasion be activated by small amounts of M from fresh serum, and 
M' was sometimes activated by H. The latter phenomenon only happened with 
sera which were shown otherwise to contain a relatively large amount of third 
component, part of which was present in the end-piece fraction. When no 
heat-stable factor was present in EF no activation of M! by fresh end-piece 
was observed. These facts strongly support the theory that three factors are 
necessary for complement action, a globulin fraction (mid-piece), an albumin 
fraction (end-piece) and a third component or relatively heat-stable factor. 

As a preliminary to further work on the third component we have attempted 
to activate yeast- and zymin-treated serum with aqueous and methy] alcoholic 
solutions of sodium oleate and egg-yolk lecithin and with solutions of egg 
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white. Up to the present the results are entirely negative in every case, /.e. 
the inactive solutions could not thus be rendered specifically haemolytic for 
sensitised red cells. 


EXPERIMENTAL. 


The haemolytic system. The experimental work was duplicated in laboratories 
at Leeds and Newcastle. In the former, ox cells and rabbit anti-ox serum 
constituted the haemolytic system, and in the latter, sheep cells and horse 
anti-sheep serum. In all cases guinea-pig serum was used as the source of 
complement. 

The minimum haemolytic dose of complement varied, but for the sake 
of convenience the experimental details will be given from one laboratory. 
The solutions to be tested were pipetted into small 3” x 3” tubes, the bulk in 
each made the same (1 cc.) with 0-85 % saline, and 1 cc. of sensitised blood 
added. The results were read after 1 hour’s incubation at 37° in an air in- 
cubator according to the following standards: 

complete haemolysis + + +) 


intermediate degrees. 
half-haemolysed S 


— no haemolysis. 


Preparation of zymin and inactivation process. Zymin powder was prepared 
by digesting baker’s yeast with equal parts of alcohol and ether, filtering and 
repeating the process. Finally, the treated yeast was washed with alcohol and 
dry ether, dried at room temperature and passed through a fine mesh sieve. 
Thus a fine impalpable yellowish white powder was obtained. It is interesting 
to note that none of the preparations we made by this method contained any 
zymase as judged by its action on glucose. 

Zymin was added to 10 cc. of 0-85 % saline in a centrifuge tube until a 
thin paste was formed. The mixture was heated in a boiling water-bath for 
$ to 1 hour and then centrifuged, the supernatant saline being poured off. 
Fresh guinea-pig serum was then added to the zymin deposit and the whole 
stirred with a glass rod to make a viscid emulsion. The tube was incubated at 
37° and samples withdrawn at 14, 2, 3 and 4 hours, The serum was recovered 
from each sample by adding normal saline in an amount calculated to give 
1/10 serum and centrifuging. Before using, the serum, which was definitely 
acid, was adjusted by means of a comparator to py 7-5. The amount of N/10 
NaOH required to neutralise a volume equivalent to 5 cc. of the original serum 
was in the neighbourhood of 1-0 cc. Inactivation by unheated zymin and by 
yeast and heated yeast was carried out in a similar way. A curious fact 
occasionally noticed was that treatment with a greater quantity of yeast for 
the same time or for a longer period failed to inactivate the serum. No 
explanation of this phenomenon has yet been found. 
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The following table is typical of the results which have been repeatedly 


obtained: 


Table I. 


0-5 ce. 1/10 complement ... ; ++++ 
0-5 ce. Hy, (1/10 complement heated 20 minutes at 56° ) - 
0-5 cc. Hyp (1/10 complement heated 40 minutes at 56°) - 
0-5 ce. M (1/10 zymin-inactivated complement. 2 hrs.) - 
0-5 ce. Z, (1/10 zymin-inactivated complement. 3 hrs.) - 
0-5 ce. Z, +05 cc. Hyp oa ve aa eve SP : 
0-5 ce. Z, +0-5 cc. Hyo ak oe a vie oe ++ 
0-5 ce. Z, +0-5 cc. Hyo 235 ++ 
0-5 cc. Z, +0°5 cc. He : : ++ 

Similar results were tteieed. wiih: zymin ak ye east which hed previously 
been heated in the dry state at 100° in an air oven for 1 hour and which were 
then washed with normal saline. 

Preparation of mid-piece and end-piece and their effect upon complement 
inactivated by zymin or yeast. Complement was diluted 10 times with distilled 
water, cooled in ice and saturated with CO, by passing the gas for 10-15 minutes. 
The globulin separated as a flocculent precipitate and was removed by centri- 
fuging. The supernatant fluid containing end-piece (#) was decanted into a 
flask, sufficient 10 % saline added to render it isotonic with normal saline, 
and then the flask was evacuated twice to remove CO,. The mid-piece (/) 
precipitate was lightly washed twice with distilled water, and then dissolved 
in a volume of normal saline equal to that of the end-piece. Both solutions 
were finally adjusted in a comparator to py 7-5. E was always quite acid 
(about py 6); M, although slightly acid, was unbuffered. The importance 
of removing the CO, and adjusting these solutions seems to have been 
overlooked by many workers on complement. Excess of CO, has a marked 
anti-complementary action and although in most of our solutions the acidity 
was not sufficient to affect the results, it is obviously desirable that all solutions 
should approximate in reaction to normal serum. Evacuation of # removes 
most of the CO, and for ordinary purposes this treatment is perhaps all that 
is necessary. 


Table IT. 


as and Msg } =E and M heated at 56° for 15 and 30 minutes. 
“15 and Eso} 





0-2 ce. 1/10 complement +++4 0-5 ce. si a - 
0-5 ec. 1/10 complement t+++ 1-0 cc. E hae eas - 
0-5 ce. M os sy - 0-5 ec. M+0-5 ce. E ee 
1-0 cc. M ss ae - 0-2 cc. M+0-2 ce. E ++++ 
0-5 cc. Z, +0-5 cc. Hoo + + + + 0-5cce.Z, ... ai ~ 
0-5 cc. Z, +0-5 cc. Hyg +++4 0-5 ec. Z,+0-5 cc. M ++4+4 
0-5 ce. Hyp +0-5 ce. E ... - 0-5 ce. Z, +1-0cce. M ++++ 
0-5 cc. Hoy +1-0 ce. EF ... + 0-5 ee. Z, +0-5 ce. # + 
0-5 cc. Hoy + 0-5 cc. M... ~ 0-5 ce. Zs +1-0cc. FE 
0-5 cc. Hy +1-0 cc. M... - 0-5 ce. Z, +0-5 ec. My; ' 
0-5 cc. Hy + 0-5 ce. EF ... 0-5 ce. Z,+1-0 ce. My; +4 
0-5 cc. Hy +1-0ce. E ... - 0-5 ec. Z,+0-5 ce. Ey, 7 
0-5 cc. Hy + 0-5 ec. M... = 0-5 ec. Z,+1-0 ce. Ey; +4 
0-5 ce. Hyg +1-0cc. M... - 0-5 ce. Z, +0-5 ce. Moog +++ 
0-5 ce. Z,+1-0 cc. Myo t+++ 


0-5 ce. Z, +0-5 ce. E59 - 
0-5 ce. Z, +1-0 ce. By + 
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Effect of excess of CO, on complement action. Michaelis and Skwirsky 
[1910, 1] have shown that the action of complement varies with the reaction 
of the solution. By the aid of phosphate buffer mixtures these authors found 
that an acid reaction inhibits complement action and that the reaction pro- 
ceeds best in neutral or faintly alkaline solutions. In view of this we have 
investigated the effect of CO, on the action of decreasing amounts of guinea- 
pig complement. Normal saline was saturated with CO, and this solution 
added to varying strengths of diluted normal guinea-pig serum. 


Table III. 


0-5 ce. 1/10 normal complement ++++ 
0-5 ce. -” *” +0-5 cc. CO,-saturated saline ++++ 
0-5 ce. a ae +1-0 ce. a = +++H+ 
0-5 cc. 1/20 normal complement ++++ 
0-5 ee. a +0-5 ec. P= ss ++4+4+ 
0-5 ce. m i +1-0 ce. 6 o ++ 
0-5 cc. 1/30 normal complement ++++ 
0-5 ce. i “4 +0-5 cc. = rs ++ 
0-5 ce. 9 9 +1-0 ce. ” es = 

0-5 ec. 1/40 normal complement ++++4 
0-5 ce. - ms +0-5 ec. a es - 

0-5 ee. os 99 +1-0 ce. 4S 99 — 


Separation of zymin-inactivated serum into mid-piece and end-piece 
fractions. Zymin-inactivated guinea-pig serum was centrifuged, the super- 
natant liquid diluted with nine times its volume of distilled water and a slow 
stream of CO, passed through for 10-15 minutes. The two fractions were 
separated and dealt with as described for normal serum, the solutions being 


adjusted to py 7-5. 


M?* and E' separately i 


0-5 ce. M1 +0-5 ce. 
0-5 cc. M1 +0-5 ce. 
0-5 ec. M1+0-5 ec. 
0-5 cc. £1+0-5 ce. 
0-5 ce. H1+0-5 ce. 
0-5 ce. M1+0-5 ee. 
0-5 cc. M1+0-5 ee. 
0-5 ec. M1 +0-5 ce. 
0-5 ec. M1 +0-5 ce. 
0-5 ec. M1 +0-5 ce. 
0-5 cc. M1 +0-5 ce. 
0-5 cc. M!1+0-5 ce. 


Table IV. 


M and E=normal mid-piece and end-piece fractions. 
M?} and £1=mid- and end-piece from zymin-inactivated serum (by CO, separation). 
M,;, Myg, Ey; and Ey, as in Table IT. 


E 
ass 
Ey, 
M 
MM; 


E'+0-5 ee. 
E£' +0-5 ce. 
E' +0-5 ce. 
EE) +0-5 ec. 
E! +0-5 ce. 
FE) +0-5 ee. 
E! +0-5 ee. 


normal saline 
a sss 
M,, .:. 
Msp kce 
Picks 
Eys ae 
Ey .-. 


nactive in quantities of 0-5 ec. and 1-0 ce. 


++ 
+ + 


4. 


These results were obtained with a serum which did not contain a large 
amount of heat-stable factor and little was to be found in the normal end- 
piece fraction. Thus the zymin-inactivated serum contains the globulin and 


albumin fractions but no third component. 








ae 
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SUMMARY. 


(1) The inactivation of guinea-pig serum by the action of yeast can also 
be effected by a zymin preparation. The serum so obtained can have its 
complement activity renewed by the addition of serum inactivated by heating 
at 56°. 

(2) The possibility of explanations other than that already offered—viz. 
the removal of a “third component” or relatively heat-stable factor—has 
been investigated and disproved. 

(3) Yeast and zymin heated in normal saline or in the dry condition at 
100° for 4 to 1 hour are more efficient inactivators than the unheated substances, 
and thus the inactivation process does not appear to be one of enzyme action. 

(4) Kaolin and charcoal are not similar to yeast in their action on serum. 

(5) Zymin, like yeast, removes a heat-stable component of complement 
which is usually present in both mid-piece and end-piece as obtained by 
Liefmann’s CO, method. The greater bulk of the heat-stable component is 
usually present, however, in the mid-piece and in some sera none can be found 
in the end-piece. No definite chemical or physical relationship appears to 
exist between this third component and the mid-piece and the end-piece. 


Two of the authors (J. G. and A. W.) are indebted to the Medical Research 
Council for a grant in aid and we wish to express our thanks to Professors H. J. 
Hutchens and J. W. McLeod for facilities granted. 
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THE principal methods for estimating acetoacetic acid, acetone and B-hydroxy- 
butyric acid in body fluids are those of Shaffer-Marriott [1914] and of 
Van Slyke [1917]. 

The latter is a gravimetric estimation depending on the formation of a 
complex mercury-acetone compound, 3HgSO,.5HgO.2(CH;),CO. The former 
is an iodometric method based on the Messinger-Huppert titration. 

In both methods the acetoacetic acid is decomposed with sulphuric acid, 
thus 

CH,.CO.CH,.COOH -—- CH,.CO.CH, + CO, 
and the B-hydroxybutyric acid is oxidised by a mixture of K,Cr,O, and 
H,S0O,, thus 
CH,.CH(OH).CH,.COOH —- CH,;.CO.CH,.COOH + H,O 
—-~ CH,.CO.CH, + CO, + H,O 

In thé Shaffer-Marriott method the acetone is made to react with hypoiodite 
to form iodoform; in the Van Slyke method it combines with mercuric sulphate 
to form the complex mercury-acetone compound. 

For the estimation in urine the precipitation of pigments and sugar and 
any other aldehyde-forming substances is a necessary preliminary. Shaffer- 
Marriott used the lead acetate-ammonia method; Van Slyke used the copper 
sulphate-calcium hydroxide method. 

This preliminary precipitation in urine is of the greatest importance in the 
estimation of B-hydroxybutyric acid, but is not absolutely essential in that 
of acetoacetic acid and acetone by the Shaffer-Marriott method. This state- 
ment is based on a large number of comparative estimations. In the Van 
Slyke method precipitation must always be carried out. 

Hence in purely clinical work, using the former method, where only the 
acetoacetic acid and acetone are estimated, immediate distillation in acid 
solution with subsequent iodometric titration is all that is necessary. The yield 
in both methods for acetoacetic acid and acetone is generally agreed upon to be 
between 90 and 95 %. 

In the estimation of 8-hydroxybutyric acid, however, in which oxidising 
agents are used, preliminary precipitation can never be dispensed with, as 
the interfering substances present are fatal to accurate results. Even after 
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precipitation it is by no means certain that what we are estimating is only 
this hydroxy-acid, although it is certainly the main constituent in, for example, 
urines of advanced diabetics. 

In order to remove aldehydes from the distillate obtained from the oxida- 
tion, Shaffer-Marriott re-distilled with alkaline hydrogen peroxide before 
titration, a method which gives very constant yields of about 85%. This 
percentage is not attained when dealing with quantities in the region of 5 mg. %. 
In the Van Slyke method the f-hydroxybutyric acid is obtained by difference, 
dichromate being used with one sample and not with a second, the difference 
in mass of the two precipitates representing the hydroxy-acid. 

The principal objection to both these methods, particularly if serial 
determinations are to be made, is the long time necessary for a single analysis. 

The Shaffer-Marriott method cannot be done under 3 or 4 hours and Van 
Slyke’s method cannot be finished under 2} to 3 hours. The high resistance of 
£-hydroxy butyric acid to oxidation is the main cause of these protracted periods. 

In Van Slyke’s method the filtration through the Gooch crucible is somewhat 
tedious and the transference of small particles of precipitate is always trouble- 
some. In spite of this, however, we consider the Van Slyke a much more 
tractable method than the Shaffer-Marriott. 

A further point about these methods is the relatively large volumes of urine 
used. In the Shaffer-Marriott an average of 50 cc. is taken and in the Van Slyke 
it is best to use 25 ce. 

If, as in the work for which these methods were studied, only small volumes 
are available on which several analyses have to be made, such methods are 
not satisfactory. 

Lastly, we may refer to the considerable expenditure of chemicals incident 
to these methods. 

Engfeldt, using a micro-method and very small quantities of B-hydroxy- 
butyric acid, has obtained yields of 70 °% from urine and blood. Lublin [1922], 
combining the methods of Shaffer-Marriott and Engfeldt, used fractional 
volumes of urine and blood and claimed a fair accuracy for his micro-method. 

The low yield in hydroxy-acid is due to the fact that the oxidation involves 
not only a production of acetoacetic acid and acetone but also a decomposition 
of acetoacetic acid with the production of acetic acid, in accordance with the 
well-known acid hydrolysis of ketonic acids. Thus: 

CH,COCH, 


+> CH,.CO.CH,.COOH 


CH,.CH(OH).CH,COOH 
; \CH,.COOH +CH,.COOH 





Van Slyke has shown that, when K,Cr,0, and H,SO, act upon f-hydroxy- 
butyric acid at room temperature for some time, practically only acetic acid 
is produced; but at boiling temperature acetone is produced in considerable 
quantities. 

In Lublin’s method no preliminary precipitation of pigments is carried 
out in the analysis of urine, but the Folin-Wu tungstic acid precipitation is 
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applied to the estimation in blood. For £-hydroxybutyric acid he assumes 
Engfeldt’s yield of 70%. He states that precipitation is unnecessary for 
ordinary purposes. This is, in our experience of this method, true for the 
estimation of the acetoacetic acid and acetone, but certainly not so for that 
of B-hydroxybutyric acid. 

The volumes used by Lublin were 0-5 cc. urine and 0-2 cc. blood. In cases 
of severe acetonuria there is certainly no difficulty with 0-5 cc. urine, but 
0-2 cc. blood has, in our hands, not yielded results which could be relied upon 
except in cases of severe diabetic ketosis. 

Lublin distils directly into alkaline hypoiodite. Using such small volumes 
of material it would be futile to attempt re-distillation with alkaline H,O, as 
in the Shaffer-Marriott method and so it is dispensed with. With regard to 
time of distillation Lublin gives 10 minutes for each stage, 7.e. 10 minutes’ 
distillation with acetic acid for the acetoacetic-acetone fraction and then a 
further 10 minutes’ oxidation and distillation with K,Cr,0, and H,SO,. 

Our experience of this method has shown that perceptible differences from 
the blank of the apparatus and reagents can be detected up to as long as 
30 minutes from the commencement of each distillation, provided that rather 
larger volumes of distilled water are used in a larger distilling flask. Twenty 
minutes has been found the minimum time for a maximum yield. 

In the oxidation for the B-hydroxybutyric acid, Engfeldt obtained his 
yield of 70% using 1g. of K,Cr,0, in 2% solution at constant volume of 
urine. 

Lublin used 20 ce. of 2 % K,Cr,0, in 20 % H,S0,. 

The strength of dichromate used is of the first importance and we have 
found, using various solutions, that that used by Lublin is satisfactory. Of 
course the yields become less as we decrease the concentration of the B-hydroxy- 
butyric acid, but for a given solution fairly constant results are obtainable. 

Variations in time of oxidation and in strength of flame give rise to con- 
siderable variations in yield. 

The method which we used in certain investigations to be published later 
was a modification of that proposed by Lublin. 

The apparatus is a simple one and consists of a 250 cc. Kjeldahl flask, 
provided with an inlet tube made by fusing a long piece of thin glass tubing 
to a drawn-out test tube; the glass tubing is drawn to capillary bore and cut 
so as to reach almost to the bottom of the flask. Through this an air current 
can be drawn through the contents of the flask, and the dichromate-sulphuric 


acid mixture can also be introduced. 
The flask is connected by a long delivery tube to a condenser which is 


connected to a 250 cc. Erlenmeyer flask, fitted with a glass tube with a 
perforated bulb and with a dilated tube, the latter being connected to a 
suction pump by a rubber tube. The rubber tube carries a screw clip for 
regulation of the air current. The Bunsen flame used for heating the flask is 
surrounded by a guard and can be adjusted by means of a screw clip. 
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Solutions required. 


1. Basic lead acetate solution prepared according to Shaffer’s directions; 
180 g. lead acetate are dissolved in about 500 cc. distilled water and 
boiled; 110g. of litharge are then gradually added until a clear solution is 
obtained with no remnants of the oxide. This is made up to a litre with dis- 
tilled water. This solution on standing deposits some of the basic salt but the 
supernatant fluid is clear. The pipette used for this solution should be dry and 
should be cleaned immediately after use. 


2. Strong solution of ammonium hydroxide (Sp. 0-880). 

3. Solution of 25% H,SO,. 

1. Solution containing 2 g. K,Cr,0,, 20 cc. concentrated H,SO,, made up 
with distilled water to 100 ce. 

5. N/50 iodine 

6. N/200 Na,S,0, freshly prepared from N/10 thiosulphate. 

7. 25 % solution of nitrite-free NaOH. 

8. 20% HCl containing no free chlorine. 


Into a small beaker 4 cc. urine’, 4 cc. distilled water and 4 cc. of basic lead 
acetate solution are put and after a little agitation 2 cc. of ammonia are 
run in from a burette. Sugar, pigments, etc. are thus precipitated. In the 
case of urines containing little sugar less acetate is added and more distilled 
water, but the final volume is always 14 cc. After standing for 5 minutes the 
mixture is filtered into a test tube when a clear, colourless filtrate is obtained. 
10 cc. distilled water are placed in the Kjeldahl flask and 3-5 cc. filtrate are 
run in from an accurately graduated pipette. This volume of filtrate is equi- 
valent to 1 ce. urine. The volume of filtrate obtained depends on the amount 
of sugars, etc. to be precipitated. If this is inconsiderable as much as 8 ce. 
filtrate are obtained, but with urines of high sugar content a bulky precipitate 
is produced and perhaps as little as 4 or 5 cc. are obtained. In general, no 
difficulty is found in obtaining 3-5 cc. for the estimation. 

5 ec. of 25 % H,SO, are now added. If an excess of lead acetate is present 
a white precipitate of PbSO, is thrown down, but with a little practice this 
can be avoided by adjusting the volume of lead acetate added. 

In the Erlenmeyer flask are placed 40 cc. distilled water, 10 cc. N/50 iodine 
and 2 ce. 25 % NaOH. 

A slow current of air is drawn through the apparatus and the Kjeldahl 
flask is heated with the guarded Bunsen and the strength of flame adjusted 
so that at the end of 30 minutes about 15-20 cc. are left in the flask. This is 
merely a matter of a few trials. In this way the acetoacetic acid is broken 
down and the acetoacetic-acetone fraction distilled over with the formation 

1 The only reason for taking so small a volume is that in the investigations for which this 
method was employed serial collections of urine at short intervals were made and, in general, 


not more than 7 or 8 cc. urine were available; in this volume several observations had to be 
made. 
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of iodoform in the usual way. After 25 minutes’ aeration and distillation, the 
current of air is increased and the flame turned off. After 30 minutes the 
receiver is disconnected, the delivery tube thoroughly washed down with 
distilled water, 5 cc. 20% HCl are added and the contents titrated with 
freshly prepared N/200 thiosulphate using 1 % starch. 

(It need hardly be emphasised that the blank of the apparatus and reagents 
must be accurately determined by repeated distillation. We have found an 
average blank of 1-5 cc. N/200 thiosulphate after 30 minutes’ distillation.) 

The volume in the Kjeldahl flask is now made up again to 40 cc. and 
another receiver containing the same quantities of iodine, etc. is connected. 
The flame is lowered a little by means of the screw clip and the K,Cr,0,-H,S0, 
mixture run in from the dropping funnel at a rate of about 1 drop every 2 or 
3 seconds. Distillation and aeration are continued for 30 minutes when the 
receiver is disconnected and titrated as before. 1 cc. N/50 iodine = 0-193 mg. 


acetone = 0-50 mg. B-hydroxybutyric acid (70 % yield). 





Notes on the Method. 


1. The necessity of preliminary precipitation with the basic lead acetate 
solution, etc., at least in the estimation of B-hydroxybutyric acid, was shown 
by the following estimations in which the ketonic substances were determined 
with and without treatment with the lead. The figures given are volumes of 
thiosulphate required after distillation for 30 minutes into 10 cc. N/50 iodine, 
ete., as described above. I represents first distillation, I] the oxidation of the 
hydroxy-acid. 

10 cc. N/50 iodine required 39:6 cc. thiosulphate solution. Average blank 
for apparatus etc. 38-3 ce. thiosulphate solution. 


With precipitation Without precipitation 
or cine Nes eee | a ——A——_— oe 
Urine I II I II 
1 31-25 33-5 31-0 29-0 
2 31-2 33-48 31-0 29-0 
3 30-8 33-4 30-5 29-4 
4 27-4 30-2 27-6 24-85 
5 27-9 31-5 27-5 27-6 


It is seen that the figures obtained by the two methods under I are very 
close to one another but this is not the case with those under IT; that is to 
say, that without precipitation higher yields in “-hydroxybutyric acid” will 
be obtained. The differences are as much as 4 or 5 cc. of thiosulphate which, 
assuming a yield of 70°%,, would correspond to 0-5-0-6 mg. of B-hydroxy- 
butyric acid. 

This seems to us to be sufficient evidence of the necessity of preliminary 
precipitation. 

2. Comparing the above method with Van Slyke’s method we obtained 
the following results using diabetic urines. Acetoacetic acid and acetone only 
were estimated. 





















ESTIMATIONS IN DIABETIC URINES 


Percentage acetoacetic acid and acetone 
peeps es 


- ~ 
Above method 


Urine mg. mg. 
1 56-8 52-0 
2 12-4 12-6 
é 39-6 43-7 
4 50-8 55-7 


The general agreement is fair considering the widely different procedures. 

3. The following experiments were carried out to find the yield of p- 
hydroxybutyric acid using the above method. For this purpose standard 
solutions of CaZn hydroxybutyrate were employed. 

The CaZn salt was obtained as follows: 

10 g. B-hydroxybutyric acid (Kahlbaum) was dissolved in 200 ce. distilled 
water and divided into two equal portions. To one portion excess of pure 
CaCO, was added and the mixture boiled for 30 minutes and then filtered. A 
clear brownish filtrate, consisting of calcium f-hydroxybutyrate, was obtained. 

To the second portion of acid excess of freshly prepared well washed 
Zn(OH), was added and the mixture boiled and filtered. 

The two filtrates thus obtained were mixed and concentrated by 
gentle heat. The mixture was then poured slowly into excess of absolute 
alcohol, stirring vigorously. A finely divided white precipitate rapidly ap- 
peared. The alcoholic mixture was allowed to stand overnight and then 
centrifuged. The supernatant fluid was poured off, the remaining salt dissolved 
in a minimum of boiling water and again concentrated. Precipitation was 
carried out as before and the process repeated three times. 

The pure white double salt thus obtained was placed in a desiccator and 
finally dried, by gentle heat, in a hot air oven to constant weight. 

Analysis of the salt was carried out by incineration, the formula 

(CH,.CH(OH).CH,.COO),CaZn 
being assumed, and it was found to be pure. 
517-696 g. of the double salt are equivalent to 416-288 g. of B-hydroxy- 
butyric acid. 
A solution containing 0-1969 g. of the salt in 200 ce. distilled water was 
prepared; 1 ec. therefore containing 0-9845 mg. of the salt and being equivalent 
to 0-7915 mg. B-hydroxybutyric acid. 


Yield of B-hydroxybutyric acid from urine using the method described. 

In each estimation a different urine was used and a control carried out 
with the urine alone. 

10 ce. urine and 10 cc. of above solution of CaZn hydroxybutyrate were 
mixed. 2 cc. of this mixture, after allowing for the content of the urine itself, 
contained the equivalent of 0-7915 mg. f-acid. 

10 cc. of the mixture and 10 cc. distilled water were treated with 10 ce. 
basic lead acetate solution and 5 cc. ammonia, filtered, and 7 cc. of filtrate 


used for the estimation. 
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Blanks for the urine alone were obtained in each case by using 5 ce. 
urine, 15 cc. distilled water, 10 cc. basic lead acetate and 5 cc. ammonia and 
estimating in 7 cc. filtrate. 

In this way the following yields were obtained: 


Theoretical Amount found 
Urine mg. mg. 
0-7915 0-50 
0-49 
0-58 
0-59 
0-52 
0-57 
0-54 
0-53 
9 0-49 
10 0-51 
ll 0-53 


The average recovery was thus 0-53 mg., i.e. 67-2 %. 


Similar experiments were carried out using volumes to give theoretical 
yields of 1-583 mg. B-hydroxybutyric acid, with the following results: 


Theoretical Amount found 
Urine mg. 
1-583 


S Ot CO bo 


The average recovery was thus 1-16, i.e. 73-3 %,. 


A fresh solution of CaZn B-hydroxybutyrate was now prepared containing 
1-7527 mg. B-hydroxybutyric acid (2-18 mg. salt) per cc. and estimations 


carried out as before: 
Theoretical Amount found 
Urine mg. mg. 
1-7527 1-270 
-23 
1-29 


The average recovery was thus 1-27, 7.e. 


SUMMARY. 


1. A method of estimating the ketonic substances in small volumes of 
urine is described, which yields results comparable to those given by other 
methods using larger volumes. 

2. The estimation of B-hydroxybutric acid by this method was investi- 
gated with the result that for quantities less than 1 mg. per cc. the yield was 
from 65-68 %, and for quantities between 1 and 2 mg. per cc. it was between 
70 and 75 %. 
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INTRODUCTORY. 


BAsED on the observation that the addition of carbohydrate to a beri-beri- 
producing diet fed to pigeons hastened the appearance of this disease, Funk 
[1914] suggested that the anti-beri-beri vitamin plays some part in carbo- 
hydrate metabolism. In the same year Funk and v. Schénborn [1914] 
described a hyperglycaemia and a shortage of glycogen in the livers in pigeons 
suffering from beri-beri. 

In 1919 McCarrison stated that the absence of “anti-neuritic”’ food factors 
from the diet leads to an increase in the weight and adrenaline load of the 
adrenal gland, and to a state of acidosis due to the imperfect metabolism of 
carbohydrates and the acid fermentation of starches [1919]. On the basis of 
McCarrison’s results, Funk [1920] pointed out that increased adrenaline in 
the circulation was probably responsible for the hyperglycaemia which he 
had obtained in another series of beri-beri pigeons (bled out under A.c.£. 
mixture). Funk’s figures show in this experiment a higher glycogen content 
in the “ beri-beri” livers than in the “normal control” livers—a result opposed 
to that which he and v. Schénborn had previously found. (See also the work 
of Tscherkes [1922] in this connection.) 

From a study of the respiratory quotient of rats fed with diets deficient in 
vitamin B, Mattill [1923] concluded that there was no interference with the 
process of glucose combustion, traceable to this deficiency. 

Since most of these observations were made on animals whose diets. were 
unbalanced in other respects besides the lack of vitamin B, we thought it 
advisable to re-investigate the question of carbohydrate metabolism in rats 
fed on a well-balanced diet, deficient only in vitamin B. Our observations 
come under the following categories: 

I. Blood-sugar levels in rats fed with complete diets and with diets deficient 
in vitamin B. 

(a) 1-3 hours after feeding (7.e. the “resting” level). 
(6) 24 hours after feeding (basal level). 

(c) After a glucose meal. 

(d) After a starch meal. 
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II. Glycogen content of the livers of rats fed with complete and with 
vitamin B-deficient diets, for different periods. 
(a) 1-3 hours after feeding. 
(6) 24 hours after feeding. 
III. Food intake of rats fed with the diets used throughout this work. 


EXPERIMENTAL. 


Adult rats of 100-150 g. body weight were employed. The rats were kept 
several weeks in the laboratory before being used in the experiments, and 
those showing abnormal behaviour were discarded. The diet of the normal 
control animals was as under: 


Rice starch sex 100 g. Lemon juice is 10 g. 
Caseinogen ner 10 Salt mixture eke 10 
Butter ee am 20 Water a its 150 
Yeast extract " 10 


In the vitamin B-deficient diet the yeast extract was omitted and the 
caseinogen was purified by extraction with alcohol (boiling). In a later experi- 
ment meat extract (free from vitamin B) was added to this diet in an endeavour 
to match the flavour of the control diet. The vitamin B-deficient diet fed to 
an animal of 100 g. body weight produced coma in about 50 days [cf. Drum- 
mond, 1918]. 

Glycogen was estimated by the method of Pfliiger, the livers being dropped 
into boiling alcoholic potash immediately after the death of the animal. For 
the estimation of blood-sugar the method of MacLean [Gardner and Mac- 
Lean, 1914] was employed, necessitating 0-2 cc. of blood for an estimation. 
The samples were obtained from the brachial artery after stunning the 
animal, the use of anaesthetics being avoided. One sample of blood only 
could be taken from an animal in this way. Hence for the construction of 
the curves given in this paper 5-10 rats were used to obtain each point in a 
curve. 


Blood-sugar levels. 


The blood-sugar levels in rats fed with the vitamin B-deficient diet for 
different lengths of time are shown in Fig. 1. As is seen, the results indicated 
nothing abnormal in the deficient animals until the stage of the final collapse, 
when the blood-sugar fell to a starvation level. Contrary to Funk’s experience 


with pigeons, there is no evidence of hyperglycaemia. 

For the purpose of the feeding experiments contemplated, it was necessary 
to establish the basal level of the blood-sugar of the rat. It was found that 
a 24-hour fast brought down the level to a very steady basal level of 0-09 %. 
The simultaneous administration of adrenaline produced no lower results 


(Table 1). 
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Table I. Blood-sugar levels after a 24-hour fast. 


Individual values (% glucose) Mean 
Normal rats ose eco ase eve 0-08, 0-09, 0-08, 0-10, 0-09, 0-10, 0-09, 0-09 0-09 
Normal rats with simultaneous injection 
of 0-1 mg. adrenaline (intraperitoneal) 0-08, 0-09, 0-09 0-087 
Rats 40 days on deficient diet ... ie 0-12, 0-13, 0-095, 0-13, 0-11, 0-11, 0-11 0-115 


The blood-sugar values for the vitamin B-deficient rats are seen to be 
higher and more erratic than the corresponding figures for the normal rats. 
This may be due to absorption from the atonic intestine which, as one of us 
has shown [Gross, 1924] is subject to stasis in this condition. The livers 
of all these rats were empty of glycogen. 


Blood-sugar level % 


,Coma 
- 


10 20 30 40 50 
Days on diet 
Fig. 1. The effect of vitamin B-deficient diet on the blood-sugar level of the rat. 
Notr.—The final value coincides with the basal level (i.e. level after 24 hours’ fast). 


Having established the basal blood-sugar of the rat when fed on normal 
diet and a diet deficient in vitamin B, the effect of a glucose meal was observed. 
The animals, after a 24-hour fast, were given a meal of glucose (with the aid 
of a stomach tube) the dosage being regulated to 500 mg. per 100 g. body 
weight. The animals were killed after periods of 15, 30, 45 and 60 minutes, and 
their blood-sugar estimated. The vitamin B-deficient rats had been 36-40 
days on the deficient diet. The results are shown in Fig. 2. 

When allowance is made for the lower basal Jevel of the normal rat there 
is no significant difference between the two curves. Attempts to compare the 
rates of absorption of starch by the same method failed owing to the flatness 
of both curves. 

A definite effect of vitamin B deficiency was found in the glycogen content 
of the livers of the animals (estimated by Pfliiger’s method). After a 24-hour 
fast the livers were empty of glycogen in all cases, but the values for rats 
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taken straight from the cage showed a continued decline as a result of the 
deficient diet (Fig. 3). This result is in agreement with the observation of 
Funk and v. Schénborn [1914] that the livers of pigeons fed with a beri-beri- 


producing diet are poor in glycogen. 
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Minutes after glucose meal 
Fig. 2. Blood-sugar curves following glucose meals. 
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10 20 30 40 50 
Days on diet 
Fig. 3. Glycogen content of livers of rats fed on a vitamin B-deficient diet. 


The condition of the vitamin B-deficient rat is in many ways not unlike 
that producible by underfeeding. Indeed the animal almost invariably is in 
a fasting condition at the end. A metabolism experiment performed with 
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intent to control this point showed that the vitamin B-deficient rat ate only 
from 50-60 % of the food taken by animals of the same weight fed with a 
complete diet. This fall in the food intake occurred practically from the first 
day on the diet. On the supposition that the insipid taste of the diet (due to 
its lack of yeast extract) was in part responsible for this lower food intake, an 
endeavour was made in a parallel experiment to restore the flavour with a 
meat extract known to be free from vitamin B. This, however, had no appreciable 
effect. Table II compares the appetites of the rat for the normal control diet (a), 
the vitamin B-deficient diet (b), and the latter diet flavoured with meat 
extract (c). Each figure is the mean for three rats over the first 12 days on the 
diet. 
Table II. Amounts (dry weight) of food eaten per day per 100 g. rat. 


(a) Deficient diet + yeast extract ll-l g. 
(b) Deficient diet p+ bse 6-3 
(c) Deficient diet + meat extract 6-0 


It would seem likely from these figures that vitamin B has a direct stimu- 
lating influence on the appetite of the rat, apart from other functions. Wright 
[1921] has shown that the addition of vitamin B to a diet deficient in vitamins 
A and B (fed to rats) increases peristalsis and stimulates appetite and growth. 


SUMMARY. 

The normal and basal blood-sugar levels of rats fed on complete and 
vitamin B-deficient diets have been ascertained. 

The rate of absorption of glucose from the alimentary tract has been shown 
to be unaffected by vitamin B deficiency. 

A gradual removal of glycogen from the liver has been shown to follow 
the elimination of vitamin B from the diet of the rat. 

It has been demonstrated that meat extract fails to stimulate the appetite 
of the rat when substituted for yeast extract in the diet as the sole flavouring 
principle. It is suggested that there is a causal relationship between the 
vitamin B content of the diet and the food intake of the rat. 


In conclusion we desire to record our gratitude to Prof. J. C. Drummond 
for much valuable help and encouragement. 
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In the testing of food-stuffs and other substances for the growth-promoting 
water-soluble vitamin, it has been customary to use a basal diet, described by 
Drummond and Watson [1922], of the following composition: 


Parts 
Purified caseinogen (preferably alcohol-extracted) 20 
Rice starch ... ons s¥s os on wee 55 
Butter fat... rar ne sa hes ee 15 
Salt mixture ... bis — ies a a 5 
Orange juice ... ia ~ Kis ss ks 5 


In a test laid down by the Accessory Food Factors Committee of the 
Medical Research Council and the Lister Institute, this diet has been slightly 
modified as follows: 


Parts 
Caseinogen (vitamin B-free) ve sh he 20 
Rice starch ... i oni a pas iis 60 
Cod-liver oil ... ‘ e xa 2 
Vitamin A-free oil or fat... 7 si 8 
Salt mixture (McCollum’s, plus trace K1) 5 
Lemon juice ... 5 


It was suggested to us by Dr G. A. Hartwell that the presence of lemon juice 
in this diet may be undesirable, as lemons have been reported to contain 
appreciable quantities of the vitamin in question. Osborne and Mendel [1920] 
found vitamin B in “the edible parts of the orange, lemon. ..,’’ according to 
the report on Accessory Food Factors (Second Edition, 1924), which gives 
both orange juice and lemon juice a single + for vitamin B. 

A preliminary series of experiments suggested that there was a slight but 
distinct advantage to be gained by omitting lemon juice from the diet; that 
no complications would follow this omission was to be expected from the 
observation, frequently made, that the white rat can thrive for a considerable 
period in the absence of anti-scorbutic factor. 
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To settle the matter, 12 young male albino rats from an intensely in- 
bred stock were fed on diets which are made sufficiently clear by reference to 


Fig. 1. 
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Fig. 1. 


X, standard diet. 

X — L, standard diet with lemon juice omitted. 
M, 0-4 g. marmite per animal per day. 

D, animal died or was moribund. 


The following points emerge from consideration of the growth curves: 

(1) Rats on diet X showed distinctly better growth than rats on diet X — L. 

(2) Rats on diet X for 21 days and then on diet X — L for a further 7 days, 
though very small and enfeebled, recovered rapidly on administration of 
vitamin B. 

(3) Rats on diet X — ZL for 20 days were unable, when subsequently fed 
diet X, to survive more than a further 3 or 4 days. 
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(4) Rats fed diet X — L for 7 or more days at no time weighed more than 
more than at the beginning of the experiment. 

(5) Of six rats on diet X, after 11 days four weighed from 5—10 g. more 
than at the beginning of the experiment. 

(6) Rats which had been on diet X — Z, when fed vitamin B, recovered 
very nearly as rapidly as rats on diet X similarly supplemented. 

These results appear to be susceptible of two alternative explanations. 
The omission of lemon juice from the basal diet certainly involves the omission 
of vitamin C, and possibly involves the omission of vitamin B. It has been 
shown that the small amount of anti-scorbutic factor (0-5 cc. lemon juice per 
animal per day) has no effect on the growth of the rat over the periods involved 
in these experiments [Harden and Zilva, 1918; Drummond, 1919; Parsons, 
1920]. It seems, therefore, probable that the explanation of these results lies 
in the previously established fact that lemon juice contains appreciable 
amounts of vitamin B. The results also show that, as a practical question of 
experimental technique, its omission from the diet is desirable and attended 


29 
— > 


by no disadvantages. 
SUMMARY. 


Cessation of growth of the white albino rat on a diet free from vitamin B 
can be secured in about 7 days by feeding the basal diet of Drummond and 
Watson, but without the addition of lemon juice. No disadvantage attends 
this omission during the experimental period involved. 
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Ir is interesting to consider the various ways in which the constitution of a 
synthetic nutrient medium may be changed without appreciably affecting its 
nutritive character for any particular species of bacterium. It is well known that 
there are numerous compounds, any one of which, when supplied as the sole 
source of carbon, will support bacterial growth. A consideration of the various 
media upon which a particular bacterium will thrive makes it clear that the 
ability of the organism to grow is in some way connected with the chemical 
constitution of the substrate. Not all carbon compounds will supply carbon 
to an organism for growth, and it seems logical to suspect the existence of 
some relationship between molecules possessing a nutritive character. 

If it is assumed from the outset that related to each nutritive molecule 
there exists a set of specific enzymes which bring about various syntheses 
culminating in the production of protoplasmic material whose nature remains 
fundamentally the same whatever the nature of the nutrient molecule, it is 
apparent that an investigation which seeks to determine a relationship between 
nutrient molecules would be pointless. This assumption, however, is merely 
a restatement of the fact that nutrition occurs, and since it throws no light 
on the connection between nutritive character and chemical constitution, and 
moreover postulates the existence of a great number of specific enzymes for 
which there is no clear evidence, it cannot be of use in predicting the nutrient 
character of any given molecule or in interpreting any of the steps by which 
nutrition occurs. It may be discarded, therefore, in favour of some suggestion 
which possesses, even in a slight degree, this power of prediction and of 
interpretation. 

Experiment, so far, has failed to demonstrate any fundamental transforma- 
tion in an organism (say B. coli or B. pyocyaneus), which is caused by an altera- 
tion in the constitution of the nutritive medium. Variations in the strains may 
occur, but the lack of any fundamental change suggests the presence in any 
particular organism of an orderly series of reactions which express themselves 
in growth, multiplication and the general properties which characterise this 


1 The views expressed in this communication are contained in a dissertation which was laid 
before the authorities of Trinity College, Cambridge, in August, 1924. 
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particular organism. There may be secondary reactions which account for 
variations in the strains, but the important point is the presence of a definite 
series of reactions which is characteristic for each bacterial species. If this 
view is right it is difficult to perceive how two nutrient molecules of widely 
differing chemical nature (say glutaminic acid and acetic acid) can each support 
bacterial growth and yet each produce the identical series of reactions which 
is characteristic of the organism. There appears to be but one explanation— 
that each nutrient molecule gives rise to a particular substance (which will 
be termed P) which is the first organic material to enter into the synthetic 
operations of the organism. Thus P may be regarded as the initial or primary 
substrate of the organism, and all other compounds must proceed through P 
before entering into protoplasmic synthesis. It may be that for any organism 
there exists a number of substances any one of which will act as P; but the 
suggestion which the writer wishes to offer is that this number is strictly 
limited and may be in many cases simply one. This suggestion does not mean 
that P cannot be the same for any two organisms, for it is clear that subsequent 
operations on P must depend on the nature and variety of enzymes present 
in the cell, and hence the material into which P is built will be characteristic 
not only of P but of these enzymes. It is possible therefore that P may be 
the same for a large number of organisms. 

Only B. coli has been studied at all systematically from this point of view, 
and the evidence points to pyruvic acid (or some very closely allied substance) 
being the first organic molecule to enter into protoplasmic synthesis. The 
work of Neuberg and his colleagues gives great prominence to the part played 
by pyruvic acid in fermentation phenomena and the work of de Graaff and 
Le Févre [1925] supports the view of Neuberg as to the importance of this 
acid as an intermediate substance during bacterial fermentation. Aubel [1924] 
has shown that pyruvic acid is an excellent nutrient material for bacteria, and 
very recently Aubel and Salabartan [1925] have come to the conclusion (from 
the standpoint of energetics) that in the growth of B. coli upon glucose pyruvic 
acid serves as the source of the bacterial substance. In the work of Quastel, 
Stephenson and Whetham [1925] on the growth of B. coli upon lactate and 
nitrate, it was shown how the production of nitrite at a toxic concentration 
afforded an explanation of the fact that much pyruvic acid did not appear in the 
medium until the nitrite had reached this concentration. “Below this strength 
of nitrite the pyruvic acid produced from the lactate is almost entirely used for 
growth. As soon, however, as the nitrite reaches its toxic concentration and 
prevents further bacterial synthesis the pyruvic acid, which is still being 
produced from the lactic acid by the action of nitrate and the resting organism, 
is diverted from synthesis and is liberated from the medium.” 

The following conclusions follow from the work of Quastel, Stephenson and 
Whetham [1925] and from the suggestion put forward in this communication. 

1. That a molecule which is activated by B. coli, which can give rise to 
pyruvic acid and which in its reactions (oxidation, etc.) can liberate energy, 
may serve as a source of nutrient carbon to B. coli. The activation is demon- 
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strated by the resting bacteria—methylene blue method (see Quastel and 


Whetham [1925] for details). 


2. That a molecule which is not activated by B. coli but which can give 
rise to pyruvic acid cannot serve as a nutrient carbon supply, e.g. maleic acid. 

3. That a molecule which is activated by B. coli but which cannot give 
rise to pyruvic acid cannot serve as a nutrient carbon supply, e.g. formic acid. 

The following chart illustrates how various substances can give rise by 
known reactions to pyruvic acid. All these substances should, if they are 
activated, serve as nutrient supplies of carbon to B. col. 


Aspartic 


acid - oxidation 
Malic 


acid oxidation acjd oxidation § acid 

oxidation| Glycerol ———> Glyceric —————> Lactic 

| oxidation aldehyde 

a-Ketoglutaric acid veri glyoxal 
3 

| oxidation 


Glutaminic acid 


For experiment a number of substances were investigated 


are expressed in Table I. 


Substance 


Formic acid 
Acetic acid 

| Propionic acid 
Butyric acid 
Lactic acid 
a-Hydroxybutyric acid 
Mandelie acid 
8-Hydroxybutyric acid 
Oxalic acid 
Malonic acid 
Succinie acid 
Glutaric acid 
Glycol 
Glycerol 
Erythritol 
Fumarie acid 
Maleiec acid 
Glycine 
Alanine 
Aspartic acid 
Glutaminic acid 
Malic acid 
Tartaric acid 
Glyceric acid 
Glycollic acid 





Glycollic acid 
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In column I, + shows that the substance is activated by B. coli, 0 indicating 
the absence of activation. 

In column IT, + shows that the substance may undergo change to pyruvic 
by reactions of which we are aware (e.g. oxidation, dehydration) ; 0 indicates 
that it is unlikely that a change to pyruvic acid occurs. In the cases of acetic 
acid and glycollic acid (which have both been shown by Quastel and Whetham 
[1925] to be hydrogen donators) it is assumed that the first products of 
oxidation are succinic and tartaric acids respectively. It is conceivable that 
propionic acid may undergo a change, similar to that in the body, to glucose 
or lactic acid, and thence to pyruvic acid, but since there is as yet no direct 
evidence for this with B. coli this assumption will not be made. (8-Hydroxy- 
butyric acid may also be expected to be oxidised through acetoacetic to acetic 
acid and thence to pyruvic acid, but as yet there is no evidence for this.) 

In column III a + sign indicates that the growth of B. coli on this substance, 
present as sole source of carbon under aerobic conditions, is expected; a zero 
sign has its usual significance. The sign (+) indicates only slight growth. 

Column IV gives the experimental results. 

For experiment the substance was made up to 0-1 M concentration in a 
solution containing the following: 

0-4 % (NH,),HPO,; 0-1 % NaCl; 0-1 % KH,PO,; 0-07 % MgSO, .7H,0; 

0-5 % NaNO. 

The media after neutralising to p, 7-2 were autoclaved in 5 cc. lots and inocu- 
lated with two drops of a 20-hour broth culture of B. coli. A slight growth 
generally occurred on the inorganic medium alone, this being due to the growth 
on the organic matter introduced in the actual inoculation. This growth was 
taken as a standard zero growth for the comparison of the growths of B. coli 
upon the various media. Growths were examined after 48 hours’ incubation 
at 37°. 

In no case so far examined has the experimental result contradicted the 
one predicted. 

It should be added that pyruvic acid may not be the only initial or primary 
substrate; experiment, however, so far does not seem to indicate the existence 
of another substance which will act in this capacity. 
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In Part I of this series [Quastel and Whetham, 1925] an account was given 
of the behaviour of the following groups of substances as hydrogen donators 
in the presence of resting B. coli. 


1. Fatty acids. 

2. Saturated dibasic acids. 
3. Hydroxy-acids. 

4. Polyhydric alcohols. 

5. Monohydric alcohols. 


A table was given of the relative reducing powers or reducing coefficients 
of the hydrogen donators. 

This communication deals with the behaviour of a number of the amino- 
acids and the sugars in the presence of resting B. coli. The technique adopted 
throughout the work has been described fully in earlier papers. It consists, 
briefly, in measuring the rate of reduction of methylene blue under standard 
conditions of temperature and hydrogen ion concentration, the measurements 
being made under anaerobic conditions in vacuum tubes. 

The experimental results given below are typical examples of a large 
number of observations. A number of different strains and suspensions of 
B. coli were used and these are referred to as coli 1, coli 2, etc. The results 
obtained with coli 1 can be compared strictly quantitatively with one another, 
but only qualitatively with the results obtained with col 2, etc. 

The substances under investigation were always brought to a py of 7-2. 


The Amino-acids. 


Glycine appears to be almost inert as a hydrogen donator to methylene 
blue. It gives indications of a slight activity at very high concentrations but 
in no case has it been found to produce a complete reduction of the standard 
quantity of methylene blue used in these experiments. Alanine, on the other 
hand, is a fairly active donator, its activity being comparable with that of 
acetic acid. Table I illustrates results with these amino-acids. A succinate 
reduction is included for comparison. 
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Table I. 


Each vacuum tube contained 2 cc. phosphate buffer py 7-2, 1 cc. 1/5000 methylene blue solu 
tion, 0-5 cc. coli 1, and X cc. of the amino-acid solution. The volume of solution in each tube was 
made up to 6-5 cc. with distilled water. The reduction was carried out in vacuo at 45°. A control 
tube showed no reduction in 6 hours. 

Cone. of 


Amino-acid X ©. amino-acid Reduction time 
5 % alanine 1 M/11-6 65 minutes 
5 % glycine ] M/9-7 Not reduced in 6 hours 
Succinic acid (control) — M/130 10’ 10” 


Fig. 1 illustrates the variation in times of reduction of 1 ce. of 1/5000 
methylene blue with varying concentrations of alanine at py 7-2 and 45° in 
presence of the same amount of organism. 

Leucine gives no sign of reducing activity even at high concentrations. 


Reduction time (in minutes) 
of 1 cc, 1/5000 methylene blue 





1 2 3 4 


cc. amino-acid present in reaction tube 
Fig. 1. 
Histidine is slightly active at relatively low concentrations, whilst trypto- 
phan is inactive at low concentrations but fairly active at high concentrations 


(see Table IT). 


Table IT. 
Conditions as in Table I. 
Concentration 
Amino-acid of amino-acid Organism Reduction time 
Tryptophan M/130 Coli 1 Not reduced in 3 hours 
& M/26 ve 24’ 5” 

Leucine M/17 ee Not reduced in 3 hours 
Histidine M/130 Ks 169’ 

- M/65-5 a 125’ 

a M/43-3 oa 80’ 
Succinate M/20 (control) M/65-5 » @ 5’ 15” 


Glutaminic acid appears to be the most active amino-acid yet investigated. 
Its activity is comparable with that of succinic acid (Fig. 1 gives an example 
of its reduction time-concentration curve.) Aspartic acid, on the other hand, 
gives no indication of being a donator of hydrogen but has the properties of 
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a weak hydrogen acceptor. In this respect it resembles malic acid [see Quastel 
and Whetham, 1924]. Mixtures of succinic acid and aspartic acid, instead of 
reducing methylene blue completely, reach an equilibrium point which is 
dependent on the relative concentrations of succinic and aspartic acids. 
Experimental results with aspartic acid are demonstrated in Table ITI. 


Table III. 


Each vacuum tube contained 1 ce. of phosphate buffer pq 7-2, 1 cc. of 1/5000 methylene blue 
solution, 2 cc. coli 4, 2 cc. of 4% aspartic acid solution (neutral), and X cc. of M/20 sodium 
succinate. The volume was made up to 7 ce. with distilled water and the reduction carried out 
in vacuo at 45°. 

Equilibrium point at- 
tained in terms of cc. 
of methylene blue 
X ce. (1/5000) 
0-5 0-24 
1-0 0-17 
1-5 0-10 

Aspartic acid is far less active than fumaric acid as a hydrogen acceptor. 
It is difficult to understand how aspartic acid accomplishes the oxidation of 
leucomethylene blue unless it undergoes a preliminary deamination to fumaric 
acid. If this is true the system becomes analogous to the deamination of 
histidine to urocanic acid [Raistrick, 1917]. 

It is interesting that the amino-acids which show greatest activity in 
presence of B. colt, viz. glutaminic acid and alanine are also those which show 


considerable activity in presence of muscle [Thunberg, 1920]. 


The sugars and related substances. 


Glucose appears to be an extremely vigorous donator of hydrogen to 
methylene blue in presence of B. coli. Its activity is greater than that of formic 
acid (see Table IV). 

Table IV. 
Each vacuum tube contained 1 cc. phosphate buffer py 7-2, 1 cc. of 1/5000 methylene blue 


solution, 1 cc. coli 5, and a quantity of the hydrogen donator. The volume was made up to 7 cc. 
with distilled water. A control tube did not reduce in 3 hours. 


Concentration 
Donator of donator Reduction time 
Formic acid M/3500 17’ 30” 
2 M/1750 4’ 
Glucose M/3500 6’ 36” 
M/1750 5’ 30” 


” 


An investigation of the influence of the concentration of the sugars on the 
reduction time-of a quantity of methylene blue shows that at extremely low 
concentrations the velocity of reduction reaches a value which only very 
gradually increases with increase in concentration (see Fig. 2). This is typical 
of the reduction time-concentration curves of most of the sugars. 

If glucose donates two atoms of hydrogen per molecule of glucose to methy- 
lene blue, then the least quantity of M/100 glucose solution which can com- 
pletely reduce 1 cc. of 1/5000 methylene blue is 0-063 cc. Experiment shows, 

41—2 
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however, that the least quantity of glucose which will completely reduce 
1 cc. of 1/5000 solution of methylene blue (at pg 7-2 and in presence of B. coli) 
is 0-02 cc. This means that a single molecule of glucose donates at least four 
(and possibly six) atoms of hydrogen to methylene blue in presence of B. coli. 
The least quantity of formic acid which accomplishes complete reduction of 
1 ce. 1/5000 methylene blue solution is 0-1 cc. of a M/100 solution, an amount 
which would be expected if formic acid donated two atoms of hydrogen per 
molecule. 

Laevulose is a good hydrogen donator with B. coli, though not so powerful 
as glucose (see Fig. 2). The lowest concentration of it which reduces 1 cc. of 
1/5000 methylene blue solution completely is 0-02 cc. of a M/100 solution. 
Like glucose, therefore, laevulose donates at least four (and possibly six) 
atoms of hydrogen per molecule. The velocity of reduction due to laevulose 
at low concentration is less than that due to glucose. A point of practical 
importance in connection with glucose and laevulose may be mentioned. 
0-02 cc. of M/100 solution of the sugar corresponds to 0-036 mg. of the sugar 
which in a volume of 7 cc. readily reduces 1 cc. 1/5000 methylene blue solution; 
i.e. a concentration of glucose corresponding to 1 part in 200,000 may be 
readily detected by the resting bacteria-methylene blue method. 


2 


Reduction time (in minutes) 


M|100 Galactose 


M100 Glucose 


cc, sugar present in reaction tube 
Fig. 2. 

Galactose is less active than glucose or laevulose (see Fig. 2) and it is 
impossible to state by the methylene blue method whether galactose donates 
more than two atoms of hydrogen per molecule. Mannose is a good donator 
of hydrogen but this sugar has not yet been examined in detail. It is at least 
as active as galactose. 

Xylose and arabinose, among the pentoses, have been examined. Their 
effects are indicated in Fig. 2. Arabinose is an extremely poor donator of 
hydrogen compared with xylose, whilst the latter is not as active as galactose 


(see Table V). 
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Table V. 


Conditions as in Table IV. Coli 6. 
A control showed no reduction in 3 hours. 


Concentration 
Donator of donator Reduction time 


Galactose M/1400 60’ 
M/700 30’ 
am M/350 8’ 25” 
Maltose M/1400 Not reduced in 2 hours 
M/280 30’ 
ia M/140 8’ 
Arabinose M/21 Not reduced in 2 hours 
M/10-5 110’ 
“ M/7 87’ 
Xylose M/280 Not reduced in 2 hours 
M/186 41’ 
ow, M/93 8’ 
Mannitol M/28,000 17’ 
es M/35,000 Not reduced in 2 hours 
Glucose M/14,000 8’ 
Laevulose M/14,000 22’ 
Succinic acid M/700 26’ 
M/70 10’ 


” 


” 


” 


” 


Among the disaccharides, sucrose appears to be inert. Both lactose and 
maltose, however, are good hydrogen donators (see Tables V and VI). 


Table VI. 


Conditions as in Table V. Coli 7. 
Control showed no reduction in 1 hour. 


Concentration 
of lactose Reduction time 


M/7000 27’ 25” 
M/1750 11’ 35” 
M/583 9’ 30” 

It is difficult, with the disaccharides, to decide how far the reduction may 
be due to traces of glucose produced by hydrolysis. Harden and Zilva [1915] 
found no reducing effect with lactose, although a positive effect was obtained 
with maltose. Under the conditions of our experiments, however, no specimen 
of lactose has been found to be devoid of reducing activity. 

Of the hexahydric alcohols, sorbitol, mannitol and dulcitol have been 
examined. Both mannitol (see Table V) and sorbitol show considerable 
reducing activity, whilst dulcitol seems to be practically inert (see Tables VII 
and VIII). 

Mannitol appears to be almost as active as glucose and donates at least 
four atoms of hydrogen per molecule to methylene blue in presence of B. colt. 

Only adonitol and arabitol have been examined among the pentahydric 
alcohols. The former is devoid of any appreciable reducing activity, whilst 
the latter which was prepared by reduction of arabinose with sodium 
amalgam seems to be a better donator of hydrogen than arabinose. 

Raffinose and rhamnose have been examined and these do not seem to 


possess any reducing activity. 
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Table VII. 


Each vacuum tube contained 2 cc. phosphate buffer py 7-2, 1 cc. 1/5000 methylene blue, and 
the hydrogen donator. Volume made up to 6 cc. with distilled water. 


1 ce. coli 8, 





Concentration 


Donator of donator Reduction time 
None (control) — 46’ 
Glucose M/120 5’ 20” 
Mannitol M/120 8’ 15” 
Sorbitol M/120 7’ 40” 
Saccharic acid M/120 15’ 45” 
Succinic acid M/120 5’ 15” 


1 ce. coli 9. 


None (control) _ 22’ 30°’* 
Mannitol M/120 9’ 10” 
Sorbitol M/120 9’ 35” 
Dulcitol M/120 20’ 
Adonitol M/120 20’ 


* Coli 9 was a highly reducing organism. 


Among the acids corresponding to the sugars, saccharic, gluconic and mucic 
acids have been investigated only in a qualitative manner. Saccharic and 
gluconic acids are poor but definite hydrogen donators whilst mucic acid, up 
to a concentration of M/24, is inert. 

An examination has been made of several glucosides. Crude e-methyl- 
glucoside is a good donator of hydrogen but after being recrystallised a number 
of times, the pure material is practically devoid of reducing power. So far a 
specimen of B-methylglucoside has not been obtained which isinert. Amygdalin, 
if purified by several recrystallisations, is almost inert, although the crude 
material is nearly as active as glucose. Salicin and phloridzin have not been 
found to possess any reducing activity. 


Reduction time (in minutes) 





1 2 
ec. alcohol 


Fig. 3. Effects of methyl, ethyl and propyl alcohols on reduction times 
of 1 cc. 1/5000 methylene blue by 1 cc. M/20 glucose in presence of B. coli. 
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The alcohols—methyl, ethyl and propyl—have powerful inhibitory effects 
on the reduction of methylene blue due to the sugars. The inhibitory effect of 
methyl alcohol is less than that of ethyl alcohol and this less than that of 
propyl alcohol (see Fig. 3). The inhibitions are of a similar order to those noted 
in the case of other hydrogen donators. 

The reducing coefficients of some of the amino-acids and sugars with respect 
to B. coli are given below (see Quastel and Whetham [1925] for details with 
regard to reducing coefficients). They are only to be regarded as approximate 
and as expressing the correct order of magnitude. 


Reducing Coefficients (with respect to B. coli). 


Succinic acid ... See ex —- 100 
Formic acid ... can ase oes 700 
Alanine Ju xe coy Vas 1-0 
Glutaminic acid Sei a ais 25 
Glycine cae a5 a .-- less than 0-8 
Glucose a ae ae aoe 5000 
Laevulose... ses ie pre 5000 
Galactose seh se a ae 200 
Mannitol a dan oes oe 5000 
PVWONS v0 50s is yas ee 20 
Arabinose sh eee oe ... less than 0-8 
Maltose si ia ea woe 50 
SUMMARY. 


An account is given of the behaviour of a number of amino-acids, sugars 
and related substances in the presence of resting B. coli as the activating source 
and of methylene blue as the hydrogen acceptor. A table is given of the relative 
reducing powers or reducing coefficients of some of the donators. 


We wish to express our appreciation of the interest taken by Sir F. G. 
Hopkins in this work and the thanks of one of us (M. D. W.) are due to the 
Medical Research Council for a grant held during this work. 
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THE two previous communications on the activating powers of resting or 
non-proliferating bacteria were confined exclusively to B. coli comm. This 
paper deals with the activating powers of B. prodigiosus, B. proteus and 
B. faecalis alkaligenes. 

The experimental technique was that adopted in the work on B. coli [see 
Quastel and Whetham, 1924, 1925, 1]. 


B. prodigiosus. 


Resting B. prodigiosus was prepared by growing the organism in tryptic 
broth in Roux bottles for two days at 37°. The organism was centrifuged and 
washed well with normal saline. The washed B. prodigiosus after aeration was 
made up with normal saline to a suspension of which a suitable quantity 
(say 0-5 ec.) did not reduce a standard quantity of methylene blue in two hours. 
To determine the activating powers of this organism (as well as other organ- 
isms) a standard series of substances was used. All substances were brought 
to a py of 7-4 prior to investigation. Table I gives the results with B. prodi- 
giosus, B. proteus and B. faecalis alkaligenes. 

It will be seen that in practically all respects B. prodigiosus is similar to 
B. coli comm. in its dehydrogenating powers. One marked difference appears, 
however, and this is the effect with glycine. B. coli so far has never been found 
to possess any marked activating power with glycine. As the organism 
(B. prodigiosus) becomes older its activating power on glycine appears to fall 
off rapidly. 

B. proteus. 


The organism was prepared in the same way as B. prodigiosus. 
B. proteus like B. coli appears to have no appreciable effect on glycine. 
It seems to resemble B. coli in its dehydrogenating powers. In the presence 
of high concentrations of the fatty acids B. proteus, like B. coli, causes rapid 
reduction of methylene blue. With low concentrations of the fatty acids no 
decoloration of methylene blue occurs. 
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Each vacuum tube contained 2 ce. of phosphate buffer py 7-4, 1 cc. of 1/5000 methylene 
blue solution, a quantity of the suspension of the organism and 1 ce. of a solution of the 


substance 
with distilled water. 


under investigation. 


Reduction time in minutes 


A 





The volume of solution in each tube was made up to = 5 ee, 
The reduction was carried out in vacuo at 45°. 


—_ 
Concentration 0-5 ce. 0-5 ce. 0-2 ce. 
Donator of donator B. prodigiosus B. proteus B. alkaligenes 
None Control] Not reducedin2hrs. Not reduced in 2 hrs. 31-0 
Formic acid M/30 4-0 2-0 7-25 
Acetic acid M/13 32-4 12-9 
¥ M/6-5 2-5 
Propionic acid M/13 64-0 16-1 
ze M/6-5 16-2 
Butyric acid M/13 74-0 14-9 
8 M/6-5 90-0 
Isobutyric acid M/13 19-4 22-2 
B M/6-5 13-4 
Oxalic acid M/13 Not reduced in 2 hrs. Not reduced in 2 hrs. 40-0 
Malonic acid M/13 ss a 40-0 
Succinic acid M/130 6-0 5:3 21-0 
Glutaric acid M/13 Not reduced in 2 hrs. 
Lactic acid M/i3 6-2 5-7 
a. M/130 18-8 13-7 9-0 
a-Hydroxybutyric acid M/13 12-0 3-7 4-4 
a M/i30 36-0 25-0 
§-Hydroxybutyric acid M/13 4-3 2-4 3-8 
7 M/130 3°25 80 % reduced in 
90 minutes 
Mandelic acid M/1\3 15-7 Not reduced in 2 hrs. 14-8 
% M/130 Not reduced in 2 hrs. 26-0 
Tartaric acid M/\3 27-0 Not reduced in 2 hrs. 32-0 
M/43 63-0 
Glycollie acid M/13 Not reduced in 2 hrs. Not reduced in 2 hrs. 31-0 
‘ M/4:3 90-0 
Glycine M/10 6-0 Not reduced in 2 hrs. 26-0 
Alanine M/12 35:8 = 22-3 
Glutaminic acid M/19 15-6 
” M/13 7-7 12-4 
Glycol M/13 51-2 Not reduced in 2 hrs. 31-0 
Glycerol M/6 5-6 7-0 29-0 
Erythritol M/6 Not reduced in 2 hrs. 
MNN3 Not reduced in 2 hrs. 31-0 


” 


B. faecalis alkaligenes. 


The organism was prepared in the same way as the previous two. A marked 


feature of well-washed B. alkaligenes suspensions is the high reducing activity 
of the organism itself. In this it differs markedly from B. coli and B. proteus. 

It is clear from the results with B. alkaligenes that this organism has only 
a very slight activating power, this power being apparently greatest with the 
hydroxy-monobasic acids and formic acid (as seems also to be the case with 


B. coli, B. prodigiosus and B. proteus). 
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The activations of fumaric, malic and aspartic acids. 


There is a marked difference in activating power between B. alkaligenes 
and B. prodigiosus or B. proteus; the differences, however, between the latter 
two organisms are not so apparent. Apart from the effect with glycine the 
differences appear to be simply of a quantitative nature. This quantitative 
aspect of the differences in activating power between the two organisms is 
shown most clearly in the case of fumaric acid. 

It was shown by Quastel and Whetham [1924] that fumaric acid is activated 
by B. coli, this activation being demonstrated by the power of fumaric acid 
to oxidise leacomethylene blue only in the presence of the resting organism. 
B. prodigiosus possesses this power of activating fumaric acid to a marked 
degree; B. proteus possesses the same power but apparently to a much smaller 
extent. It was shown in the case of B. coli [Quastel, Stephenson and Whetham, 
1925] that activated fumaric acid can play a dual réle—it can act as a hydrogen 
acceptor (e.g. lactic acid will transfer its hydrogen to fumaric acid in presence 
of B. coli) and it can act as a hydrogen donator (or oxygen acceptor, e.g. 
fumaric acid is oxidised by nitrates in presence of B. coli). In the methylene 
blue experiments with B. coli, no reduction of methylene blue by fumaric 
acid was ever observed. It is clear, however, that if fumaric acid can both 
accept and donate hydrogen then the reduction velocity of methylene blue 
in the vacuum tube will be dependent on the velocities of the two reactions 
which fumaric acid can bring about. (In speaking of fumaric acid as a hydrogen 
donator the usual nomenclature of reduction phenomena is being adopted. The 
reduction does not necessarily mean that hydrogen is being transferred from 
the fumaric acid molecule to methylene blue; it is far more likely in this case 
that the elements of water play a part in the reaction.) 

The rate of reduction of methylene blue by B. prodigiosus, like that of 
B. coli, is strongly retarded by fumaric acid. For instance, 2 cc. of a thick 
suspension of B. prodigiosus reduced 1 cc. of 1/5000 methylene blue (without 
the addition of any donator) in 15 minutes. In presence of fumaric acid (0-8 %) 
complete reduction was never obtained; the methylene blue was reduced to 
an equilibrium point which remained stationary. Again, 0-5 cc. of a suspension 
of B. prodigiosus, which did not reduce 1 cc. of 1/5000 methylene blue in 
two hours, but which in the presence of succinate (0-15 %) reduced in six 
minutes, did not in the presence of a mixture of succinate (0-15 %) and 
fumarate (0-8 %) bring about a complete reduction of the methylene blue 
after several hours; an equilibrium point was reached. Just as with B. coli, 
therefore, B. prodigiosus strongly activates fumaric acid, so that the velocity 
with which the latter oxidises leuacomethylene blue is greater than that with 
which reduction of the dyestuff occurs. It is possible by using a sufficiently 
large amount of organism in the presence of an active donator to produce an 
extremely rapid rate of reduction of methylene blue—this reduction being so 
rapid that even if fumaric acid is present the oxidising power of the latter 
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does not exhibit itself until after a few minutes, when possibly all the methylene 
blue has been reduced. For instance, 2 cc. of a thick suspension of B. prodi- 
giosus reduced 1 cc. of 1/5000 methylene blue solution in 15 minutes; in presence 
of succinate (0-15 %) it reduced in five minutes; in presence of a mixture of 
succinate (0-15 %) and fumarate (0-8 %) it reduced the methylene blue almost 
to completion in six minutes and then oxidation of the leucomethylene blue 
commenced, for the colour of the solution instead of disappearing completely 
quickly became bluer until it reached an intensity which remained stationary 
for several hours. This phenomenon will be referred to as “reversal.” (Re- 
versal was first noticed by Quastel and Whetham in the case of B. coli and 
B-hydroxybutyric acid and will be discussed in detail elsewhere.) If a suffi- 
ciently large quantity of B. coli be used, reversal can be demonstrated in a 
mixture of succinate and fumarate, just as with B. prodigiosus. In the absence 
of an active donator such as succinate neither. B. coli nor B. prodigiosus has 
been found to exhibit reversal with fumaric acid. This demonstrates clearly 
the high oxidising power of the latter acid in presence of these organisms. 

With B. proteus an activation of fumaric acid is produced; but in this case 
reversal can be observed with fumaric acid alone. For instance, 1 cc. of a 
B. proteus suspension did not alone reduce 1 cc. of 1/5000 methylene blue in 
two hours; in presence of fumarate (0-8 %) it reduced practically to com- 
pletion in six minutes and then reversal occurred, the colour of the solution 
becoming deep blue by the end of two hours. In the presence of succinate 
(0-15 %) it reduced completely in four minutes and in the presence of both 
succinate (0-15 %) and fumarate (0-8 9%) a complete reduction occurred in 
eight minutes, a slight reversal only being observed after a considerable time. 
It is clear, therefore, that in the case of B. proteus the velocity with which 
fumaric acid oxidises leucomethylene blue is small compared with that in the 
case of B. prodigiosus—or of B. coli. This difference is well illustrated by 
the results given in Table IT. 


Table II. 


Each vacuum tube contained 2cc. phosphate buffer py 7:4, 1 cc. 1/5000 methylene blue 
solution, 0-5 cc. of the resting organism, | cc. M/20 succinate and X cc. of 5% fumarate. The 
solution was made up to 6-5 ce. with distilled water and the reduction carried out in vacuo at 
45°. Controls (in the absence of succinate or fumarate) showed no reduction in two hours. 


Organism X ce. Observation 
B. prodigiosus 0 Xeduced completely in 6 mins. 
im 0-1 Stationary equilibrium point reached after 19 mins. 
Complete reduction not attained. No reversal observed 
. 0-2 Equilibrium attained. No complete reduction. No reversal 
a 0-4 Do. 
oe 0-8 Do. 
B. proteus 0 Reduced completely in 6 mins. 25 secs. 
= 0-1 Reduced completely in 8 mins. No reversal observed after 
1 hour 


0-2 Reduced to completion in 10 mins., and then slight reversal 
0-4 Reduced almost to completion and then reversal 
0-8 Do. 


” 
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With malic and aspartic acids similar effects appear. It was shown in the 
case of B. coli that both malic and aspartic acids have the effects of weak 
hydrogen acceptors [see Quastel and Whetham, 1924; 1925, 2]. B. prodigiosus 
behaves similarly to B. coli. For instance, 1 cc. of a thick suspension of B. pro- 
digiosus alone reduced 1 cc. 1/5000 methylene blue solution in 14 minutes, 
whilst in presence of malate (0-8 °4) complete reduction was not observed but 
an equilibrium point was attained; in the presence of aspartate (0-8 %) there 
was reduction almost to completion followed by reversal. With succinate 
(0-15 %), the presence of malate (0-8 %) retarded the velocity of reduction, 
reversal not being observed after one hour. Aspartic acid (0-8 %) had no 
appreciable effect on the velocity of reduction due to succinate. In the case 
of B. proteus there appeared to be no marked effects on malic or aspartic 
acid. 

B. alkaligenes showed no appreciable activating power on fumaric, malic 
or aspartic acid. 

The effect of malonie acid. 


It was observed by Quastel and Whetham [1925, 1] that malonic acid had 
a retarding effect on the velocity of reduction of methylene blue by B. coh 
in the presence of succinate. Neither oxalic nor glutaric acid has such an 
effect. B. prodigiosus and B. proteus have now been examined and malonic 
acid again shows the same anomalous behaviour (see Table III). 


Table III. 


Conditions as in Table II, but with the addition of 1 cc. of M/2 oxalic or malonic 
acid instead of X cc. of fumaric acid. 


Organism Acid teduction time 
B. prodigiosus None (control) 6 mins. 5 secs. 
ss Oxalic Bhs Bit. 
* Malonic i es 
B. proteus None (control) S ae 
Oxalic eas 
Malonic Not completely reduced in 1 hour 


Table IV. 


Conditions as in Table II, but with 1 cc. of 5% KNO, or 1 cc. 
M/10 KCIO, instead of X cc. of fumarate. 


Organism Oxidant Reduction time 
0-5 ec. B. prodigiosus None (control) 6 mins. 
is Nitrate Not reduced after 2 hrs. 
es Chlorate 
0-5 ec. B. proteus None (control) 3 mins. 
= Nitrate Not reduced after 2 hrs. 
sie Chlorate 
0-2 ce. B. alkaligenes None (control) 20 mins. 
Nitrate 1 s 


Chlorate 1S 5, 


” 
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Activations of nitrates and chlorates. 


Like B. coli [see Quastel, Stephenson and Whetham, 1925] both B. prodi- 
giosus and B. proteus strongly activate nitrates and chlorates, so that these 
are able to oxidise leucomethylene blue in presence of the organism. B. alkali- 
genes appears to have no appreciable activating power on nitrates and chlorates. 

Table IV illustrates the experimental results. 


DEMONSTRATION OF THE THERMOLABILITY OF THE MECHANISMS 
DEALING WITH FUMARATE, NITRATE AND CHLORATE. 


The demonstration can be carried out by means of vacuum U-tubes 
[see Quastel and Whetham, 1924], but the following experiments, which are 
dependent on the fact that B. alkaligenes does not activate (to any appreciable 
extent) nitrate, chlorate or fumarate, are equally convincing. Three solutions 
are made up; the first containing B. alkaligenes (which itself reduces methylene 
blue very quickly) and, say, the nitrate; the second containing B. alkaligenes, 
B. prodigiosus heated for five minutes at 100°, and the nitrate; and the third 
B. alkaligenes, B. prodigiosus unheated, and the nitrate. The effects of these 
solutions on the reduction of methylene blue are observed. It is found that 
the solution containing the B. alkaligenes alone and that containing the mix- 
ture of B. alkaligenes and heated B. prodigiosus reduce the methylene blue in 
approximately the same time, whilst that containing the unheated B. prodi- 
giosus remains blue permanently. Table V gives a complete set of results. 


Table V. 


Each vacuum tube contained 2 cc. phosphate buffer py 7-4, 1 cc. 1/5000 methylene blue, 
0-5 cc. B. alkaligenes suspension, 1 cc. of B. prodigiosus or B. proteus (heated or unheated), 
1 ce. of the oxidant. The volume was made up to 6-5 cc. with distilled water and reduction 
carried out in vacuo at 45°. 


B. prodigiosus 


east 
Unheated Heated Unheated Heated 


B. proteus 


Oxidant 


None (control) 
M/10 KCIO,; 


Reduction time 
4 mins. 30 secs. 
4 mins. 30 secs. 
Not reduced after 2 hrs. 


1 cc — — —- e 
— 1 ce. -- co > 4 mins. 
- - 1 cc. -—— 5 Not reduced after 2 hrs. 
— _ — l ce < 3 mins. 13 sees. 
1 ex - — oo 5% KNO, Not reduced after 2 hrs. 
— 1 cc — — a 4 mins. 13 secs. 
- 1 cc oS 3 Not reduced after 2 hrs. 
a af — lee ae 6 mins. 
lec = _ — 5% fumarate Reduction in 6 mins. 20 secs. followed by 
strong reversal 
— l ce — .— ss Reduction in 6 mins. 30 secs. not 
followed by any reversal 
— — lce -- a3 Reduction in 2 mins. followed by reversal 
— _ — 1 ce. am Reduction in 9 mins. not followed by 





reversal 
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The activation of the sugars. 
The reducing power of a number of the sugars and the corresponding 
alcohols in the presence of the three organisms discussed in this paper have 
been examined. Table VI illustrates the results. 


Table VI. 


Conditions as in Table I, but with different organisms. 


Reduction time Reduction time Reduction time 
Sugar (etc.) with 0-5 ce. with 0-5 ce. with 0-2 cc. 
concentration = M/130 B. prodigiosus B. proteus B. alkaligenes 
None (control) Not reduced in 2 hrs. Not reduced in 2 hrs. 24 mins. 
Glucose 5 mins. 4 secs. 14 mins. 49 secs. eas 
Laevulose De “We: ia ia Sas 853, 
Mannose ee «pe Not reduced in 2 hrs. oe 
Galactose ee, ae « a cas 
Sucrose 33 ,, 42 5, a 18 _,, 
Lactose oh > ies a a 
Maltose » = Se w oe a 
Xylose ae. a - _ 
Arabinose Not reduced in 1 hr. + De 6 
Sorbitol 10 mins. 2 secs. - we 55 
Mannitol So - — - 
Dulcitol 44 ,, ‘s 0 5 


The effects on the sugars may be summarised briefly: 

1. B. prodigiosus activates powerfully all the compounds investigated, 
with the exception of dulcitol, sucrose and arabinose which it activates only 
slightly. It resembles therefore B. coli [see Quastel and Whetham, 1925, 2 
which, however, does not activate dulcitol or sucrose to any appreciable 
extent. 

2. With the exception of glucose and laevulose B. proteus appears not to 
activate the sugars to any considerable extent. 

3. B. alkaligenes has a slight effect with maltose but none appreciably 
on the other sugars. 


SUMMARY. 

An account is given of the activating powers of B. prodigiosus, B. proteus 
and B. faecalis alkaligenes. 

1. B. alkaligenes shows only feeble activating powers, reducing effects 
(with methylene blue as hydrogen acceptor) being greatest with formic, lactic, 
a- and f-hydroxybutyric acids. No oxidising action of fumarates, malates, 
aspartates, nitrates or chlorates can be demonstrated with this organism. Its 
power of activating the sugars is also very slight. 

2. B. prodigiosus possesses powerful activating properties, which appear 
in the cases of fumarates, malates and aspartates to be greater than those of 
B. coli. It activates all the sugars tested, its effects with sucrose, arabinose and 


dulcitol being relatively weak. 
3. B. proteus is less powerful than B. prodigiosus or B. coli in activating 
fumarates, malates or aspartates as hydrogen acceptors. Its action on nitrates 
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and chlorates is similar to that of these organisms. Only glucose and laevulose, 
among the sugars, appear to be activated by B. proteus to any considerable 
extent. 

4, The thermolability of the mechanisms in B. prodigiosus and B. proteus 
which activate fumarates, nitrates and chlorates is demonstrated. 


Our thanks are due to Sir F. G. Hopkins for the interest he has taken in 
this work. 
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XCIX. FURTHER OBSERVATIONS ON THE 
ANAEROBIC GROWTH OF BACTERIA. 


By JUDA HIRSCH QUASTEL (1851 Senior Exhibitioner) 
AND MARJORY STEPHENSON. 


From the Biochemical Laboratory, Cambridge. 
(Received July Ist, 1925.) 


In a previous paper [Quastel, Stephenson and Whetham, 1925] the view was 
advanced that anaerobic growth of an organism might be expected to occur 
on a pair of organic compounds A and B (neither of which supports anaerobic 
growth alone) when these fulfil the following conditions: 

(1) That both A and B are “activated” by the organism so that simul- 
taneous oxidation and reduction may occur. 

(2) That the energy necessary for growth is liberated in the interaction. 

(3) That as a result of such an interaction some substance is produced 
capable of entering into the synthetic processes of the cell. 

It was then shown that these conditions were fulfilled in the case of ‘B. coli 
communis by lactic acid and nitrate, and by lactic acid and fumarate, the activa- 
tions of these substances by the organism having been demonstrated by the 
methylene blue technique. The lactate behaves as a hydrogen donator and 
the nitrate and fumarate as hydrogen acceptors. It was noted that the inter- 
action of both pairs of substances occurred with output of energy. No 
anaerobic growth was obtained on lactate alone or on fumarate alone. In this 
communication an attempt has been made to extend these observations, in 
the first place, so as to include the growth of B. coli on other pairs of sub- 
stances (which have been shown to be activated) and in the second place to 
compare the results obtained with B. coli with those of other organisms 
possessing different activating powers. Glycerol, for example, is activated 
by B. coli [Quastel and Whetham, 1925, 1] and both glycerol and nitrate and 
glycerol and fumarate, if they interact, do so with output of energy, e.g. 


CH,(OH). CH(OH). CH, .OH +COOH .CH: CH. COOH 
=CH,.CH(OH). COOH +COOH . CH, . CH, . COOH +33 Cal. 


and 
CH,(OH). CH(OH). CH, .OH +2COOH.CH : CH. COOH 
CH,.CO.COOH +2COOH .CH,.CH,. COOH +50 Cal. 
Experiment shows that whilst B. coli does not grow anaerobically on 
glycerol alone or on fumarate alone it grows luxuriantly under anaerobic 
conditions on a mixture of glycerol and nitrate or of glycerol and fumarate. 
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Experiments have been made with a series of substances acting as hydrogen 
donators coupled with a series of substances acting as hydrogen acceptors 
with a view to determining their ability to support anaerobic growth. The 
inorganic medium employed was the same as that adopted in our previous 
work [Quastel, Stephenson and Whetham, 1925]. 0-5 % of each of the carbon 
compounds was added to the inorganic medium and the py adjusted to 7-4. 
Organic acids were added as their sodium salts. 5 ec. of medium were placed 
in each test-tube and inoculated with 0-1 cc. of a 24-hour broth culture. 
Growths were examined after 48 hours’ anaerobic incubation at 37°. The 
activations of these substances by the organisms in question are dealt with 
in another paper [see Quastel and Wooldridge, 1925]. The growth obtained 
on pairs of donators and acceptors appears in Table I. On pairs of donators 
only no growth was obtained in any case, the donators examined being lactic 
acid, glycerol, alanine, acetic acid and glutaminic acid. Each entry in the 
table represents a medium whose carbon is represented by those compounds 
found in the corresponding abscissa and ordinate. A + sign indicates good 
growth; a (+ ) sign indicates a definite but feeble growth; a +-* sign indicates 
anomalous behaviour which will be discussed later; a letter N indicates the 
production of pyruvic acid as indicated by the characteristic nitroprusside 


reaction. 
Discussion OF RESULTS. 
Anaerobic growth of B. coli with malic and aspartic acid as hydrogen acceptors. 


Quastel and Whetham [1924, 1925, 1] have found that in the presence of 
resting B. coli malic and aspartic acids act as weak hydrogen acceptors. 
(Harden’s observation [1901] that aspartic acid in the presence of B. coli 
growing in a sugar solution is completely reduced to succinic acid demonstrates 
the ease with which this compound undergoes reduction.) Hence aspartic and 
malic acids might be expected to replace fumaric acid as hydrogen acceptors 
and to support anaerobic growth in presence of suitable donators. Experiment 
showed, however, that no growth was obtained on lactate and malate and the 
growth on lactate and aspartate was doubtful. This result corresponds to the 
weak action of these substances as hydrogen acceptors compared with fumaric 
acid. When, however, lactate was replaced by another hydrogen donator, 
glycerol, growth was obtained in all three cases, 2.e. with fumaric, or malic 
or aspartic acid; no growth was obtained on any other combination of these 
substances. 

So far no hydrogen donator has been found to replace lactic acid or glycerol 
satisfactorily as the accessory substance to fumaric acid in supporting the 
anaerobic growth of B. coli. Succinic, acetic and glutaminic acids and alanine 
all act as donators of hydrogen in the presence of B. coli but all fail to support 
growth in the presence of fumarate as a hydrogen acceptor. This may be due 


to the energy liberated being insufficient for the purposes of growth or the 
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explanation may be that the products of interaction fail to produce the sub- 
stance or substances necessary for cell synthesis (for example, pyruvic acid 
[see Quastel, 1925)). 


Correlation of the lack of activating power of B. alkaligenes 
with its failure to grow anaerobically. 


The results in a previous communication [Quastel and Wooldridge, 1925] 
have shown that B. alkaligenes cannot appreciably activate nitrates or 
fumarates. This renders it improbable that anaerobic growth on these sub- 
stances will occur since they will be unable to act as hydrogen acceptors. 
Experiment shows that this organism fails to grow anaerobically in the 
presence of nitrates or fumarates on lactic acid, glycerol, glutaminic acid, 
succinic acid or acetic acid. Neither will it grow anaerobically on glucose nor 
on tryptic broth, though aerobically it grows on both of these. The strictly 
aerobic character of this organism agrees entirely with its lack of activating 
power towards hydrogen acceptors. 


Correlation of the activating power of B. proteus towards hydrogen acceptors 
with its restricted powers of anaerobic growth. 

The results obtained in the vacuum tube show that B. proteus readily 
activates nitrates, that it activates fumarates (as compared with B. coli) to 
a relatively slight extent and that its activation of malate and aspartate as 
hydrogen acceptors is negligible. Corresponding with these observations it 
is found that the only hydrogen acceptor on which the anaerobic growth’ of 
this organism takes place is nitrate. 


Correlation of the activating power of B. prodigiosus with its anaerobic growth. 


B. prodigiosus, having been found to activate all four hydrogen acceptors, 
viz. nitrate, fumarate, malate and aspartate, it would be expected that 
anaerobic growth of this organism might occur on any of these substances 
in the presence of a suitable hydrogen donator. In the presence of lactic acid 
or glycerol, positive results have, in fact, been obtained, but these do not occur 
with complete regularity, and appear to be complicated by other factors 
requiring special consideration. 

It appears, for example, that a slight anaerobic growth occurs also on tubes 
containing fumarate, malate or aspartate alone, though such growths are not 
as heavy as those usually obtained when glycerol is also present. From the 
results obtained with the vacuum tube it seems that B. prodigiosus activates 
nitrates, fumarates, malates and aspartates more vigorously than does B. coll, 
and hence should prove to be an equally successful facultative anaerobe. We 
have found that on inoculating 0-1—0-2 cc. of a broth culture of this organism 
into 5 cc. of inorganic medium containing 0-5 % potassium nitrate, but no 
additional source of carbon, a definite growth was obtained. The most probable 
explanation of this seems to be that the highly activated nitrate behaves as 


422 
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a vigorous hydrogen acceptor to the constituents of the broth introduced 
with the inoculation, and that growth is thereby rendered possible. As 
fumarate is vigorously activated by this organism it seems possible that its 
oxidising action may approach that of nitrate and that the anaerobic growth 
found on fumarate alone may also be due to its acting as an acceptor to some 
constituents of the broth. Such a view is strengthened by the evidence obtained 
by change of py. Whenever growth occurs on fumarate, or other dicarboxylic 
acid, as sole source of carbon (i.e. aerobically, or in presence of nitrate) the 
py of the medium changes to the alkaline side (7.e. above py 8) due to the 
decarboxylation of the oxidised acid. In cases where anaerobic growth of 
B. prodigiosus apparently occurred on fumarate (or malate or aspartate) alone, 
no such change to alkalinity was observed. This would indicate that the 
fumaric acid was acting solely as a hydrogen acceptor and that the material 
for synthesis was being provided by the broth, introduced with the inoculation. 
An attempt was made to verify this by sowing tubes containing fumarate 
alone, or fumarate and glycerol, with saline emulsions of B. prodigiosus taken 
from agar slopes. No growth, however, appeared anaerobically on these 
media, although good growth occurred aerobically. B. coli, on the other hand, 
developed equally well anaerobically on a glycerol-fumarate medium whether 
sown from broth or from a saline emulsion taken from an agar slope. We are 
therefore unable to state with certainty whether the small growths obtained 
anaerobically with B. prodigiosus on fumarate alone (and to a smaller extent 
on malate or aspartate) are to be attributed to the action of these substances 
as hydrogen acceptors towards the broth introduced with the inoculation, or 
to other unexplained causes. In other respects the anaerobic growth of 


B. prodigiosus accords with its activating powers. 


ANAEROBIC GROWTH ON Pyruvic ACID. 


Repeated experiments with B. coli and B. prodigiosus have shown that with 
large inoculations, these organisms will develop anaerobically on pyruvic acid 
as sole source of carbon. This confirms the observation of Aubel and Salabartan 
[1925] and is a correction of a statement made by us in our previous com- 
munication [Quastel, Stephenson and Whetham, 1925]. With small inocula- 
tions from a fresh culture, or with large inoculations from an older culture, 
growth may be altogether absent or late in appearing, and we attribute our 
first negative observation to these facts. The anaerobic growth obtained, 
however, is small compared with that occurring in the presence of nitrate or 
air. (This is especially the case with B. prodigiosus.) It is, of course, difficult 
to be certain that the pyruvic acid does not contain traces of other substances 
which may be playing a part; we have used media which have been sterilised 
by filtration through a candle and by autoclaving and have obtained small 
growths in both cases. Assuming the growth to occur on pyruvic acid alone the 
necessary energy for synthesis may be obtained by a Cannizzaro reaction thus: 


CH,.CO.COOH +H,0 +CH,.CO.COOH =CH,.CH(OH). COOH + CH, . COOH + CO, + 15 Cal, 
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It is noteworthy that the anaerobic growth of B. coli on 1 % pyruvic acid can 
be completely inhibited by 0-5 % formic acid (as sodium formate). The for- 
mate has no effect, however, on the aerobic growth of B. coli on pyruvic acid 
nor on its anaerobic growth on pyruvic acid in the presence of 0-5 °% nitrate. 
It seems probable, therefore, that the inhibitory effect of formic acid is due to 
a reducing action which is neutralised by the presence of air or nitrate. 


Tue Errect or NEuTRAL SALts AND Sauts OF OrGANIC AcrIDS 
ON ANAEROBIC GROWTH. 

The development of B. coli anaerobically on lactate and fumarate is power- 
fully affected by the relative concentrations of these substances. Thus it is 
shown in Table II that increasing the concentration of lactate relative to 
fumarate results in inhibition, whereas the reverse procedure has no effect. 


Table II. 


Lactate % 0-5 0-5 0-5 0-5 1-0 1-25 1-5 
Fumarate % 0-5 0-75 1-0 1-5 0-5 0-5 0-5 
Growth (48 hrs.) + 4 +4 + + + +4 + + (+) ? 


Table III shows that if varying concentrations of succinate be added to the 
medium growth may be correspondingly decreased and that the inhibitive 
effect of the succinate is greater in a 0-5 °/, concentration of lactate and fuma- 
rate than if this is raised to 1 %. 


Lactate % 0-5 0-5 0-5 0-5 0-5 I 1-0 1-0 1-0 1-0 
Fumarate % 0-5 0-5 0-5 0-5 0-5 1-0 1-0 1-0 1-0 1-0 
Succinate % 0 0-2 0-5 0-75 1-0 0 0-75 1-0 1-5 2-0 
Growth (48 hrs.) +++ ++ 4 + + + 0 ' t +4+4 + 4 - 0 


Table IV shows the effect of adding sodium chloride solution to a lactate- 
fumarate medium; the results indicate that the inhibitive effect of salts of 
organic acids is not entirely attributable to osmotic effects. 


Table IV. 


Lactate % 0-5 0-5 0-5 0-5 
Fumarate % 0-5 0-5 0-5 0-5 
*NaCl % 0 0-5 0-75 1-0 
Growth ++ + + + + +) 


* The concentration of NaCl does not include that present in the original inorganic medium 


Table V shows the relative effects of tartrate and erythritol. 


Table V. 


Lactate % 0-5 0-5 0-5 0-5 0-5 0-5 
Fumarate % 0-5, 0-5 0-5 0-5 0-5 0-5 
Tartrate % 0 0-25 0-5 0-75 0 0 

Erythritol % 0 0 0 0 0-5 1-0 


Growth ++ + 0 0 + 4 +(+) 
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It is noteworthy that although salts of organic acids generally have a 
considerable inhibitive power on the anaerobic growth of B. coli, erythritol 
appears to have little or none. 

It would be unprofitable at present, however, to discuss further or to 
advance any theory to explain these effects. They. are appended to indicate the 
caution necessary in the interpretation of results where such factors may be 


playing a part. 


SUMMARY. 

The anaerobic growth of certain bacteria on synthetic media has been 
further correlated with the activating powers of the organism in question. 

Anaerobic growth has only been found possible where the organism acti- 
vates some constituent of the medium as a hydrogen acceptor. 

B. alkaligenes, which is unable to activate nitrate or fumarate, is incapable 
of anaerobic growth in the presence of these substances. 

B. proteus can activate nitrate; its power to activate fumarate as a hydrogen 
acceptor is however weak in comparison with that of B. coli and B. prodigiosus. 
In agreement with these observations it is found that B. proteus can grow 
anaerobically in the presence of nitrate and certain hydrogen donators, but not 
in the presence of fumarate and these donators. 

B. coli and B. prodigiosus, which both activate nitrate, fumarate and also 
malate and aspartate, can grow anaerobically on any one of these substances 
with glycerol (or in some cases lactate) as a hydrogen donator. 

Some effects of salts of organic acids on the anaerobic growth of B. coli 


on fumarate and lactate are noted. 


The thanks of one of us (M. 8S.) are due to the Medical Research Council 
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C. CHOLESTEROL SECRETION 
IN THE URINE. PART I. 


By JOHN ADDYMAN GARDNER anp HUGH GAINSBOROUGH. 
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Report to the Medical Research Council. 
(Received July 2nd, 1925.) 


AccorDING to the view most commonly held at the present time, the liver is 
the organ chiefly concerned with the excretion of cholesterol (exogenous and 
endogenous). But, in addition to the excretion in the bile, loss occurs in the 
secretion of sweat and sebum in man, and in the wool fat in sheep; considerable 
amounts also are eliminated in milk. The kidney has not generally been con- 
sidered an organ concerned with the excretion of cholesterol, though for a long 
time it has been known that normal urine contains traces of cholesterol and 
that this is increased sometimes in pathological conditions. 

Bacmeister and Havers [1914] and Pribram [1906] reported only traces in 
normal urine. More extended investigations were made by Gérard [1911], 
who found 11 mg. of cholesterol in 70-9 litres of normal urine, which, reckoning 
the daily urine output as 1500 cc., would be an excretion of 0-23 mg. per day. 
In pathological cases, Kaiserling-Orgler [1902] and F. Munk [1913, 1916, 1918} 
reported the presence of doubly refracting lipoids in the urine in cases of 
renal disease. These were, however, only microscopical examinations. Gross 
[1921] by chemical means detected the presence of cholesterol in urine in 
kidney diseases and Bauman and Hausmann [1920] made quantitative estima- 
tions of neutral fat and cholesterol in a case of “lipo-lipoiduria” in a nephritic. 
Falk and Siebenrock [1911] failed to find anisotropic substances in the urine 
in diabetes mellitus but found considerable quantities in a case of diabetes 
complicated with nephritis. Genck [1918] found no doubly refracting sub- 
stances, that is cholesterol esters, in the urine sediment from five diabetic 
patients. M. B. Schmidt [1921] reported the presence of cholesterol in the 
urine in a case of acute yellow atrophy of the liver in which the kidney showed 
marked fatty change: the blood contained 0-24 % of cholesterol and the 
post-mortem urine 32:35 mg. per 100 cc. Grunke [1922] using Weston’s 
modification of Autenrieth and Funk’s method found in normal urine only 
traces of cholesterol of the.order of 1 mg. per day; out of nine cases of icterus, 
in only one case did he find more than traces, viz. 10-1 mg. of cholesterol 
per day with a serum cholesterol content of 0-182 %; of five diabetic urines 
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one only showed more than traces, viz. 12-9 mg. per day with a serum content 
of 0-236 %. The urine sediments according to Grunke were too sparing to be 
regarded as a source of the cholesterol found; on the other hand, the choles- 
terol blood pictures suggested no relationship with the cholesterol excreted by 
the kidney. 

The discovery by one of us [Gardner, 1924] in the bile of the hippopotamus 
of a small quantity of a cholesterol compound not hydrolysable by alkalies 
but hydrolysable by strong acids, which substance it was thought might be 
an ethereal sulphate, suggested the possible presence of this body in the urine 
and the possibility of correlating this with the blood picture in cases of marked 
hypercholesterolaemia. 

We therefore examined normal urines taken from healthy students, and 


also urines obtained from pathological cases. 


Method used. 


The urine was very carefully filtered to make sure that cell debris was got 
rid of, and was then made up, sometimes after partial concentration, to 2 %/ 
content of caustic soda and thoroughly extracted with ether. To do this the 
urine was treated with one-half of its bulk of ether, repeatedly shaken during 
the day, allowed to stand over night, then separated and re-extracted with 
fresh ether in a similar way during four or five days, until we were quite certain 
that all the cholesterol was extracted. The ethereal solution was evaporated, 
the residue hydrolysed by alcoholic solution of sodium ethoxide and the 
cholesterol estimated by digitonin, using the procedure of Frazer and Gardner 
[1910]. The extracted urine was next evaporated to dryness and the residue 
boiled with glacial acetic acid under a reflux for 5 to 6 hours. The fluid was then 
diluted with water, the acetic acid neutralised with strong caustic soda and 
then made alkaline. The alkaline fluid was thoroughly extracted as before, 
the ethereal solution evaporated and the residue boiled with alcoholic sodium 
ethoxide to hydrolyse any cholesterol acetate, and the cholesterol then de- 
termined as before. 

The results are summarised in Table I. 

It will be seen that normal urine contains a measurable amount of choles- 
terol, partly in the form of either free or ester cholesterol and partly in the 
form of some compound hydrolysable by strong acid and not by alkalies. We 
are unable to say definitely what this compound is, but the following facts- 
that it is not hydrolysable by alkalies, but is hydrolysable only by strong acid, 
that it appears to be in a very stable condition as it does not decompose during 
evaporation and that it remains in solution after coagulation of the proteins 


ina highly albuminous urine—suggest that it is sodium or potassium cholesteryl 
sulphate. These salts have been shown by Gardner and Fox [1924] to behave 
to alkalies and acids in this manner and also to be soluble in water. We have 
not yet succeeded in isolating such a compound from urine though many 
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experiments have already been made, but this is not to be wondered at, 
considering the small quantities present. 

It will be noticed that as far as the cases examined are concerned, the high 
content of ethereal sulphate, if such it be, goes hand in hand with a high 
plasma content of cholesterol. 

Five cases of advanced renal disease are tabulated but only in the three 
cases of typical subacute parenchymatous nephritis which were characterised 
by a high plasma cholesterol content were excessively large quantities of the 
ethereal sulphate found. These three cases were of the type of nephritis which 
frequently shows the presence of large quantities of cholesterol esters in the 
kidney. This would suggest that in cases of marked hypercholesterolaemia, 
the organism tries to get rid of the excess blood cholesterol as a conjugated 
sulphate in the urine in the same manner as some poisonous bodies, phenols, 
etc. 

In order to throw more light on the distribution of the cholesterol in highly 
albuminous urine the last-mentioned case was further examined. Four litres 
of urine, the output of 5 days, after careful filtration were made faintly 
acid with acetic acid and boiled. The urine from a previous examination had 
been found to contain approximately 2-6 % of protein. The precipitated 
protein was filtered and washed and dissolved in 2 % caustic soda. This was 
then thoroughly extracted with ether and the free and ester cholesterol 
separately determined. The free cholesterol yielded 0-0706 g. of cholesterol 
digitonide and the ester 0-1051 g. cholesterol digitonide. The filtrate from the 
proteins was then made up to 2% content of caustic soda and repeatedly 
extracted with ether until no further cholesterol could be obtained. This 
ethereal solution by analysis in a similar way yielded 0-0112 g. digitonide 
from the free cholesterol and 0-0037 g. digitonide from the ester cholesterol. 
The thoroughly extracted urine was then evaporated to dryness, and the 
residue boiled with glacial acetic acid as already described and then after 
extraction and saponification gave 0-1746 g. cholesterol digitonide. 

The percentage and daily output of cholesterol in the different fractions 


are set out in Table II. 





Table II. Detailed analysis showing distribution of cholesterol in an albuminous urine. 


Protein fraction Protein free filtrate 
oo én = : —~ 
mg. per nig. per Protein Protein free 
Digitonide 100 ce. Digitonide 100 ce. fraction filtrate 
in g. whole urine in g. whole urine mg. perday mg. per day 
Free cholesterol 0-0706 0-418 0-O112 0-066 3°26 0-528 
Ester cholesterol 0-0105 0-623 0-0037 0-022 4-96 0-176 
Cholesterol obtained after . 0-1746 1-034 — 8-24 
acid hydrolysis 
Total, all forms 1-041 1-122 8-22 8-944 


It will be noticed that 60 °%, of the total cholesterol, precipitated with the 
proteins, is in the form of ester, which is very similar to that found in plasma. 
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This result suggests that the bulk of the free and ester cholesterol in this 
nephritic urine was in combination with the proteins in much the same way 
as it is held in solution in plasma. It will be noticed that 91°% of the free and 
ester cholesterol apart from the ethereal sulphate was precipitated along with 
the proteins. We shall, however, have to make more experiments before we 
can be sure of this relationship. The free and ester cholesterol not precipitated 
with the proteins is of much the same order of magnitude as in normal urine 
but the bulk of it is in the form of free cholesterol. 

The cholesterol as so-called ethereal sulphate, set free after acid hydrolysis, 
is present in quantities approximately equal to that found in other forms. The 
excretion by the kidney is obviously very minute relatively to that dealt with 
by the liver and scarcely affects the figures given in previous papers con- 
cerning the cholesterol balance. 

Nevertheless, in considering the general cholesterol problem, this function 
of the kidney does not appear to be without significance. 

The explanations advanced in this paper must be regarded as quite of a 
preliminary nature and we hope to give the results of further work in future. 


SUMMARY. 


Cholesterol could be determined by gravimetric estimation in all the 
urines examined. It exists in the urine in free and ester forms and also as a 
compound which is only hydrolysable by strong acids. This substance we suggest 
is cholesterol ethereal sulphate. 

In cases of parenchymatous nephritis which were accompanied by hyper- 
cholesterolaemia there were found in the urine large increases in the content 
of all forms of cholesterol. 

In a highly albuminous urine, the cholesterol in free and ester forms was 
almost wholly precipitated with the proteins on boiling with very dilute acetic 
acid. The precipitated cholesterol showed the same ratio of ester to total 
cholesterol as is found in plasma. The so-called ethereal sulphate form was 
still present in solution in the precipitated urine in approximately the same 
quantity as the total other forms in the whole urine. 
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CI. STUDIES ON XANTHINE OXIDASE. VI. 
A CELL OXIDATION SYSTEM INDEPENDENT OF IRON. 


By MALCOLM DIXON anp SYLVA THURLOW. 
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(Received June 27th, 1925.) 


Warburg [1921; 1923, 1, 2] has developed a theory of oxidations in the cell 
which states that molecular oxygen must always be activated by iron before 
it can oxidise organic substances. He considers iron to be the only substance 
in the cell with which molecular oxygen reacts: “Das Oxydationsmittel der 
Atmung ist der molekulare Sauerstoff, die Primirreaktion der Atmung die 
teaktion zwischen molekularem Sauerstoff und Eisen, und nur in dieser Re- 
aktion, nicht mit den organischen Molekiilen, vermag der molekulare Sauerstoff 
in der Zelle zu reagieren.” 

His theory is based, partly on the study of the respiration of the sea 
urchin’s eggs, partly on the consideration of certain chemical systems, namely, 
the oxidations occurring on the surface of iron-containing charcoal, the oxida- 
tion of sulphydryl compounds, and the oxidation of fructose in the presence 
of phosphate. In all these systems the addition of cyanide inhibits the oxida- 
tion, and the addition of minute quantities of iron markedly catalyses the 
reaction. 

Although Warburg extends his theory to include all oxidations occurring 
in the cell, the only evidence with regard to enzyme systems is afforded by the 
work of Fleisch [1924] and Szent-Gyérgyi [1924] on the succinic oxidase of 
animal tissues. These workers found that the addition of cyanide inhibited the 
oxygen uptake by succinate in the presence of the enzyme, but had no effect 
upon the reduction of methylene blue by the same system. They concluded 
that in this and similar systems oxygen activation was necessary, and that the 
cyanide inhibited the activator. These experiments would seem to show that 
Warburg’s view of oxygen activation by iron applies also to enzyme systems. 

Experimental evidence will, however, be given in this paper to show that 
this is not the case with the xanthine oxidase system. Moreover, we have 
recently obtained results, which will be published later, showing that in the 
succinic oxidase system it is very doubtful whether oxygen activation by iron 


occurs. 

A detailed study of the xanthine oxidase of animal tissues has been made 
by the authors [1924, 1, 2, 3; 1925] and, as this enzyme can easily be pre- 
pared free from other enzymes, it was thought to be of interest to see whether 
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oxygen activation by iron was necessary in this system. The experiments 
were carried out by means of the Barcroft respirometer, the technique of 
which has been previously described. In all cases identical solutions were 
placed in both flasks of the apparatus, but hypoxanthine, the oxidisable 
substance, was placed only in one flask. This ensures that the experiments 
are properly controlled. All experiments were carried out at 40° and at 
py 16. 

We have already shown [1924, 2] that the reduction of methylene blue by 
the xanthine oxidase system is practically unaffected by cyanide, except in 
concentrations exceeding M/100, when a slight inhibition is produced. This 
is due to a slight destruction of the enzyme itself. We have found the oxygen 
uptake of the system to be affected by cyanide in exactly the same way as was 
the reduction of methylene blue. Cyanide in concentrations as high as M/100 
produced no inhibition in the rate of oxygen uptake, whereas, in the systems 
previously mentioned, other workers have found concentrations of the order 
of M/1000 to produce complete or almost complete inhibition. 

The following typical experiment shows that the xanthine oxidase system 
is not inhibited by cyanide. 

The contents of the flasks were: 

A. 1lce. xanthine oxidase solution + 0-5 cc. (1 mg.) hypoxanthine + 1-5 cc. py 7-6 phosphate 
buffer. 

B. 1 ce. xanthine oxidase solution + 0-5 ec. (1 mg.) hypoxanthine + 0-1 ec. M/10 KCN + 1-4 ce. 
Py 7°6 phosphate buffer. 

C. lee. xanthine oxidase solution + 0-5 ce. (1 mg.) hypoxanthine + 0-2 ec. M/10 KCN + 1-3 ce. 
Py 7-6 phosphate buffer. 

PD. 1 ce. xanthine oxidase solution + 0-5 ce. (1 mg.) hypoxanthine + 0-5 ec. M/10 KCN + 1-0 ce. 
Py 7°6 phosphate buffer. 

All solutions were adjusted to py 7-6 before addition. The xanthine oxidase 
was prepared from milk by the method described by us [1924, 1]. 

Since the effect of cyanide is negative, the curves are all of the same form 
and hence only isolated points are quoted. The figures denote oxygen absorbed 
in cubic millimetres corrected to normal temperature and pressure and to 
dryness. 


Time in 


minutes A (no KCN) B(KCN=M/300) C(KCN=M/150) D(KCN=M/60) 
20 60 72 63 55 
55 124 138 110 100 
80 143 145 126 103 


It can be seen that even relatively high concentrations of cyanide have 
practically no effect on the oxygen uptake. The uptake in D is, however, some- 
what smaller than in the others. This was shown to be due to destruction of 
the enzyme by the cyanide, by testing the solutions at the end of the experiment 
with methylene blue and an added trace of hypoxanthine. Practically no 
enzyme was left in either flask of D, whereas in A, B and C there still remained 
a considerable quantity of active enzyme. This destruction in D must not be 
confused with the destruction of the enzyme by the hydrogen peroxide nor- 
mally formed in the reaction, which occurs in the experimental flask only 
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[Dixon, 1925]. No peroxide is formed in the control flask, so that the 
destruction observed here must be due to the cyanide. 

In order to eliminate any possibility that the xanthine oxidase in milk 
might behave differently from that in the tissues, an experiment was carried 
out on a liver suspension which contained much xanthine oxidase, and it was 
found that in this case also cyanide produced absolutely no inhibition of the 
oxygen uptake by this oxidase system, although in the same preparation a 
considerably smaller concentration of cyanide completely inhibited the oxygen 
uptake of the succinic oxidase system. It is clear that unless a specific oxygen 
activator is required for each enzyme, an assumption highly improbable, the 
xanthine oxidase system does not require active oxygen. The inhibition of the 
succinic system is due, according to Warburg’s theory, to the prevention of 
oxygen activation, but, although no active oxygen is present, the xanthine 
oxidation still occurs. It is therefore clear that the xanthine oxidase system, 
since it is not affected by cyanide, forms an exception to the general statement 
made by Warburg that cyanide inhibits all tissue respiration systems. 

Warburg and Sakuma [1923], Harrison [1924] and Meyerhof and Matsuoka 
[1924] have shown that pyrophosphates can replace cyanide in the inhibition 
of iron catalysis. We have repeated the preceding experiment on the xanthine 
oxidase, using pyrophosphate instead of cyanide, and again have obtained no 
inhibition. The maximum concentration of pyrophosphate used by us was 
M/20, whereas Harrison found that the oxidation of glutathione was markedly 
inhibited by M/50 pyrophosphate. 

These two experiments afford strong evidence that iron plays no part in 
this system, since the concentration of inhibiting substance was far larger 
than that required to produce inhibition of iron catalysis. 

Further evidence is afforded by observations made on the effect of the 
addition of iron to the xanthine oxidase system. Warburg, Harrison and 
Meyerhof and Matsuoka have found that, in all the systems which they have 
investigated, the addition of very small amounts of iron salts produces a 
marked acceleration of the oxygen uptake. We therefore added iron in varying 
concentrations to the xanthine oxidase system. The following experiment 
shows that no acceleration was produced even by relatively high concentra- 
tions of iron. 

The contents of the flasks were: 

A. 1 ce. xanthine oxidase solution + 0-5 ec. (1 mg.) hypoxanthine + 1-5 ce. py 7-6 buffer. 


B. lee. xanthine oxidase solution +0-5 ce. (1 mg.) hypoxanthine +0-1 ce. FeCl, (0-1 mg. 


Fe) + 1-4 ce. py 7-6 buffer. 
C. lee. xanthine oxidase solution +0-5 ce. (1 mg.) hypoxanthine +0-5 ce. FeCl, (0-5 mg. 
Fe) + 1-0 ce. py 7-6 buffer. 


The figures again represént cubic millimetres of oxygen absorbed. 


Time in minutes A (no Fe) B (0-1 mg. Fe) C (0-5 mg. Fe) 
10 40 36 37 
20 69 65 66 


55 115 104 112 
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The ferric chloride solution was not neutralised, but it was found that the 
addition of the amount in question produced no appreciable change in the py 
of the solution. It is not possible to add an amount of iron greater than that 
in C when using phosphate buffer, as the limit of solubility of ferric phosphate 
is here reached. 

The figures show that no acceleration of the oxygen uptake of the xanthine 
oxidase system is produced by the addition of an iron salt. 

We have, then, in the xanthine oxidase a system occurring in the cell in 
which molecular oxygen brings about oxidation without having been activated 
by iron. Warburg’s statement quoted above that molecular oxygen can react 
only with iron, and not with organic molecules, is thus shown to be incorrect. 
Molecular oxygen seems to act as a direct acceptor of hydrogen in this system, 
as it has been shown [Thurlow, 1925] that hydrogen peroxide is formed as 
an intermediary product of the reaction. The system therefore forms an exact 
illustration of Wieland’s [1922] theory of oxidation. 


SUMMARY. 


1. The oxidation of hypoxanthine by molecular oxygen in presence of the 
xanthine oxidase is not inhibited by cyanide or pyrophosphate. 

2. The addition of iron to the system produces no acceleration. 

3. Oxygen activation by iron does not occur in this system, which thus 
forms an exception to Warburg’s statement that molecular oxygen can react 
only with iron and not with organic molecules. 


We wish to express our thanks to Sir F. G. Hopkins for his interest in this 
work. One of us (M. D.) is also indebted to the Royal Commissioners for the 
Exhibition of 1851 for a senior Studentship. 
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In previous communications [Schryver and Haynes, 1916; Clayson, Norris and 
Schryver, 1921] the preparation and properties of pectinogen and cytopectic 
acid were described, and the results obtained indicated that the latter was a 
definite chemical compound. The object of the present communication is to 
establish more definitely the nature of pectinogen as it occurs in the plant and 
on extraction in the laboratory, and its relation to cytopectic acid and the 
other constituents of the cell-walls of plants. 

The pectic substances have been the subject of researches undertaken by 
a number of investigators, with the unfortunate result that some confusion 
in nomenclature has arisen. The term pectin has been used to describe every 
conceivable type of pectic substance. Pectinogen has also been widely used 
to describe a substance different from pectin and usually considered to be the 
precursor of pectin. As such it has also been called protopectin [Tutin, 1923, 2] 
and recently the old term pectose has been revived [Carré, 1925]. 

Now, there is very little doubt that the basal molecule of the pectic sub- 
stances is that referred to above, cytopectic acid, and this name was intro- 
duced by us in an attempt to arrive at some standard nomenclature; there is 
also little doubt that this substance exists in a modified form in the cell-wall, 
and this precursor we called pectinogen. This distinction has been adopted in 
effect by recent workers [Nanji, Paton and Ling, 1925], who refer to pectic 
acid and its modification, pectinogen. We shall therefore adhere to this system 
in order to avoid further confusion. 

Very little is known of the nature of pectinogen in situ and the contra- 
dictory and controversial statements that have been made arise in some 
measure from the lack of any standard of nomenclature, preparation and 


analysis. 











NATURE OF PECTINOGEN 677 


Before dealing with pectinogen itself, it is necessary to consider briefly the 
nature of the basal molecule, pectic acid. A considerable advance in our 
knowledge of the constitution of this substance has been made recently. 
Ehrlich [1917] showed that the molecule contained galacturonic acid groups 
together with arabinose and galactose. These products of hydrolysis have been 
obtained in this laboratory, using a modification of a method due to Monier- 
Williams [1921]. The paper by Nanji, Paton and Ling contains a further 
important contribution to our knowledge of pectic acid. The carbon dioxide 
evolved on hydrolysis was quantitatively determined and from the results 
obtained it became apparent that the molecule must consist of four molecules 
of galacturonic acid with one molecule each of arabinose and galactose; they 
consider these molecules to be combined in a six-membered ring each side 
corresponding to the appropriate carbohydrate or acid molecule, the carboxyl 
groups of the acid being left free (see p. 685). 

The empirical formula of this acid is C,;H;)0.3 and this agrees very well with 
the analytical results carried out both by them and by us on pectic acid; the 
formula tentatively suggested by Schryver and Haynes [1916], C,,H,,0,,, is a 
close approximation to the above. This was proposed as a formula for pectin- 
ogen, however, and in view of the fact that it has been used in connection with 
a method for estimating pectic acid, it is important that the corrected formula 
be speedily adopted. 

Any attempt to correlate pectic acid and pectinogen should have reference 
to the above formula and it will be shown later that this formula helps to 
explain some of the problems which have arisen in connection with pectinogen. 
In the early paper of Schryver and Haynes [1916] it was suggested that the 
action of alkelies effected the change from pectinogen to pectic acid, and von 
Fellenberg [1918] showed that this change also involved the liberation of 
methyl alcohol. The first statement has been universally accepted, although 
perhaps on somewhat slender evidence, but the second has suffered some 
amplification and criticism. Tutin [1923, 1] states that he obtained from apple 
“pectin” both methyl alcohol and acetone in sufficient quantity to enable 
him to determine the physical constants and chemical nature of these sub- 
stances. The presence of acetone in addition to methyl alcohol has been refuted 
by several workers and we, also, regard methyl alcohol as the sole volatile 
product of the reaction. This is founded on analytical methods it is true, but 
two methods of estimation were used, that of Zeisel and another due to 
Schryver and Wood [1920], the latter so delicate that the presence of acetone 
would be bound to affect the results to a considerable extent, whereas in fact 
they agreed very closely by the two methods. The previous history of Tutin’s 
“pectin”—the apples were taken from a cider-press—would surely account 
for the presence of such volatile substances as impurities and not as definite 
groups in the molecule of the pectic substance. 

Nanji, Paton and Ling [1925] agree with us in regarding the action as one 
of de-esterification and reiterate our statement that the analyses do not 
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warrant the assumption that any methylpentoses exist in the molecule. We, 
however, while regarding the main reaction as one of de-esterification, have 
found that there is also another factor to be considered. In addition to methyl 
alcohol, we have found another substance, which is non-volatile, in the alkaline 
extract, and this substance appears to belong to the class described as hemi- 
celluloses. It appears to be associated with the main bulk of pectic substance, 
whether as a mixture or in loose combination is not as yet quite certain. 

Some indications of the nature of pectinogen as it exists in situ were 
obtained and it seems probable that the formula for the basal molecule adapts 
itself very well to our results. Thus we regard pectinogen in situ as consisting 
of a methylated pectic acid in which three of the carboxyl groups are esteri- 
fied, thus leaving one still free to account for the definitely acidic nature of 
pectinogen, in loose combination or admixture with a substance similar to the 
hemicelluloses. 

The positions of the linkages in the molecule are as yet unknown but we 
have some evidence that they are not all of the same type. We consider that 
there is an intermediate product in the process of de-esterification con- 
taining only one methoxyl group, which seems to be more stable than the 
more completely methylated compound and consequently less susceptible 
to the action of weak alkalies. 

We may now consider in more detail the basis of the above statements. 


Preparation of pectinogen and its properties. 

At the outset, the methods adopted for the extraction of pectinogen 
were similar to those used in the case of cytopectic acid, with the difference 
that no extraction with caustic soda took place before the pectic substance 
was obtained. The maximum yield was the prime consideration, and to this 
end the plant tissues were extracted to exhaustion and the fractions combined 
and precipitated as one. A number of extractives were used and after a time 
the large discrepancies in analytical results made the fact apparent that 
pectinogen was not of such constant composition as was cytopectic acid. It 
became obvious that the method of exhaustive extraction must be abandoned 
and that the pectinogen should be prepared under rigidly standardised 
conditions, having due regard to the factors involved. The most important of 
these factors were found to be: 

(i) Nature of source. 
(ii) Nature of extractive. 
(iii) Concentration of extractive. 
(iv) Time of extraction. 
(v) Temperature of extraction. 

Each of these factors had a varying effect on the pectinogen in the following 
respects: 

(i) Yield. 


(ii) Purity. (Freedom or otherwise from adsorbed inorganic salts.) 
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(iii) Yield of furfural on analysis. 
(iv) Yield of methyl alcohol on analysis. 

Before proceeding to the examination of the effect of the above factors the 
experimental method of exhaustive extraction and the results obtained may 
be given. 

The chief sources employed were turnips, onions and, to a lesser extent, 
pea-pods. The method of preparation of the cell-wall substance was that of 
Clayson, Norris and Schryver [1921]. The yield is small and, consequently, 
large quantities of raw material have been dealt with, amounting to about 
half a ton each of turnips and onions. Typical yields of cell-wall substance 
are, for turnip, 4 % and for onion, 2-25 % of the raw material. 

In general, the air-dried cell-wall substance was treated with twenty times 
its weight of extracting solution and kept at about 90° in a water-bath for 
some time. Filtration followed and the residues were again extracted with an 
additional quantity of solution; this was repeated until the filtered extracts 
contained no pectinogen. Exhaustion was usually reached at the fifth ex- 
traction. The united extracts were then poured into two volumes of alcohol 
and after standing overnight the resulting gel was filtered through ordinary 
funnels. The gel is soluble in water and for this reason was difficult to pre- 
cipitate in cases where the concentration of pectinogen in the extract was 
small, additional alcohol sometimes being required before the slimy mass was 
sufficiently coagulated to filter easily; in all cases the filtration was slow until 
the gel was placed in higher grades of alcohol. After allowing the product to 
stand in graded strengths of alcohol, the final drying was effected by absolute 
alcohol and ether, and air-drying for some days by means of a fan. Previous 
to analysis the peetinogen was dried over phosphorus pentoxide in a vacuum 
desiccator at room temperature. At this temperature constant weight was 
usually attained after a fortnight; this slow drying, however, was necessary, 
as the use of a vacuum. dryer at 100° was found to be detrimental to the 
product, charring frequently resulting. 

Pectinogen prepared by this method was found to be white and amorphous; 
it is brittle and impossible to powder by hand although susceptible to 
mechanical grinding. On standing with water, it swells considerably during the 
period of imbibition and finally goes into solution; the process is considerably 
accelerated by mechanical stirring. For general purposes a 1 % solution was 
found to be the maximum for easy working as the viscosity becomes high and 
solution slow and difficult. 

Pectinogen contains methoxyl groups as shown by the action of hydriodic 
acid (method of Zeisel); on distillation with 12 ° hydrochloric acid, furfural 
is obtained indicating the presence of pentose groups and/or sugar acids of 
the glycuronic acid type; when carefully oxidised with nitric acid mucic 
acid is obtained, indicating the presence of galactose or galactans. 

Pectinogen appears to exist in the cell-wall in combination with calcium, 
and it has been suggested that magnesium may also be present in some 
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form. The evidence that calcium is in combination with the pectic complex 
is very strong, since it invariably appears that pectinogen is extracted by 
agents which throw down an insoluble calcium salt by double decomposition, 
leaving the pectinogen in solution. Ammonium oxalate and oxalic acid are 
familiar examples and even carbon dioxide is capable of liberating appreciable 
quantities of pectinogen. On the other hand, salts such as sodium chloride 
are unable to effect the change. 

Nanji, Paton and Ling [1925] lay some stress on the presence of iron in 
the ash obtained from pectinogen. This has been noticed by Carré and Haynes 
and also by ourselves; no quantitative work has been carried out, however, 
and we do not consider that there is sufficient evidence at present to justify 
the assumption that iron is an essential constituent, although this is one of 
several interesting possibilities. 

Note on the analytical methods employed. The principal determinations 
carried out on each sample of pectinogen were: ash content, yield of furfural, 
methoxyl content by two methods. As it is now firmly established that the 
basal molecule contains galacturonic acid, we have abandoned the practice 
of calculating furfural yields as pentose and give actual yields of furfural 
obtained by Tollens’ method. Methoxy] groups were estimated by the well- 
known method of Zeisel and also by that of Schryver and Wood [1920] and 
are dealt with more fully later. 

In some cases the yield of mucic acid was estimated, the results being 
calculated as galactose or galactan, and adsorbed salts were estimated where 
possible. Results quoted throughout are the averages of at least two de- 
terminations, concordant within the limits of experimental error, and are 
calculated on an ash- and salt-free basis. 


Influence of source on pectinogen. 

In the cases now to be considered, the method of extraction has been 
described and it is important to remember that the final product was the 
maximum amount of pectic substance that could be extracted, and that if 
the product is unstable under the conditions of extraction, variations in 
composition as shown by analysis are to be expected. 


Yield of pectinogen from various sources. 
Weight of Weight of 


cell-wall substance pectinogen Yield 
Raw material taken in g. in g. % 
Turnips 100 24 24 
200 34 17 
100 20 20 

250 54 21-6 
Onions 25 4 16 
100 17 17 
150 22-5 15 
150 24 16 
Pea-pods 100 8 8 


In the above experiments, ammonium oxalate was used as the extractive 
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and the yields given are the total weights of pectinogen obtained after 
repeated extraction. It will be seen that turnips give the best yield although 
for some purposes to be detailed later onions are more suitable, in spite of 
the slightly smaller yield. 

The effect of the source on pectinogen as shown by analytical results is 
indicated below. The extractives used are ammonium oxalate and 0-5 °% oxalic 
acid, the cell-wall substance being exhaustively extracted at a temperature 


of 85—95°. 


Ash Contaminating Furfural Methoxy] 
Source Extractive % salts % % % 
Turnips Am. oxalate 3-12 15-7 20-32 7-1 
Oxalic acid 2-56 — 19-35 9-2 
Onions Am. oxalate 5-65 5-15 13-95 2-1 
Oxalic acid 2-44 — 9-06 2-2 
Pea-pods - 3°34 — 9-21 1-9 


It will be seen from the above results that there is no uniformity in the 
product obtained, the furfural yields varying between 20 % and 9 % and the 
methoxyl content between 9-2 and 1-9 %. The only concordance to be observed 
is in the samples extracted from onions and pea-pods by oxalic acid, but these 
are in violent contrast with the others. The variability in composition of the 
product is thus clearly demonstrated and may be attributed to a variety of 
causes. The fact that each source used is at a different stage of growth may 
account for variations in the products to some extent, and it is certain that the 
action of the extractive agent is responsible for a change in the composition 
of the resulting product. 

Another important point, bearing on the technique of extraction, arises 
from the foregoing results in that it will be noticed that two estimations of 
adsorbed salts are given. The retention of varying quantities of the substance 
used for extraction was to be expected, but was nevertheless a source of some 
trouble. The ordinary ash determination did not indicate the presence of 
ammonium oxalate, for instance, and it was necessary to estimate the nitrogen 
in the sample by the method of Kjeldahl in order to arrive at the correct value 
of the inorganic constituents. In some cases it was very difficult to estimate 
these contaminating salts as the gel itself prevented the use of the usual 
methods. 

Apart from the difficulties of analysis, it was necessary to obtain the pro- 
ducts in as pure a state as possible and methods of eliminating impurities were 
sought. 

The method finally adopted was one of repeated solution in water and 
reprecipitation with alcohol. After three precipitations in this manner, over 
90 % of the inorganic impurities were completely removed, and solutions were 
obtained from which it was difficult, but not impossible, to precipitate pecti- 
nogen by means of alcohol. ; 

Dialysis followed by reprecipitation with alcohol was found to be un- 
satisfactory, since after dialysis precipitation with alcohol could only be 
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effected by adding either a salt, which reintroduced ash, or an acid, which 
affected the constitution of the gel. 


Effect of extractive on pectinogen. 

In order that the results under this heading should be more strictly com- 
parable, one source only was used, all the cell-wall substance being derived from 
the same batch of turnips. 

In each case the pectinogen was produced by exhaustive extraction with 
0-5 % solutions, except in the last case quoted. In this the residues were 
placed in twenty volumes of water maintained at 90-95°, carbon dioxide 
being passed into the stirred mass for 6-8 hours. The analytical results are as 
follows: 


Yield Furfural Methoxyl 
Extractive % % % 
Ammonium oxalate 20 20-32 7:1 
Oxalic acid 20 19-35 9-2 
Ammonium sulphate 10 23-16 7-4 
Carbon dioxide 2-5 19-09 4:7 


The furfural yield for the sample prepared with ammonium sulphate is 
quite abnormal and the chief effect of the extractive is observable in the yields, 
which show that ammonium oxalate and oxalic acid are the most effective. 

Another result of some significance is noticeable in the case of the methoxyl 
content in the first two extractives above. It is known that the action of 
alkalies on pectinogen causes the elimination of methyl alcohol, and the lower 
methoxyl value in the first case above is due to the prolonged action of 
ammonium oxalate, which is slightly alkaline at the temperature and dilution 
of the extraction. One of the variants in the composition of pectinogen is thus 
seen to be a loosely combined methoxyl group or groups. 


Other factors affecting the nature of pectinogen. 

The effect of the temperature of extraction was found to be slight although 
the yields obtained at lower temperatures were much smaller. Cold reagents 
did not attack the cell-wall substance at all; after extraction of 100 g. of cell- 
wall substance for several hours at 36—37°, a small quantity of pectinogen was 
obtained which was just sufficient for analytical purposes. 

In the table below, the source was onions and the extractive was 0-5 % 
oxalic acid: 


Temperature of Ash Furfural Methoxyl] 
extraction % % % 
37-5 2-73 9-06 3-4 
80-0 2-44 9-06 2-2 


t 


The effect of temperature on the furfural yield was negligible but there 
is again a change in the methoxyl value under more drastic conditions of 
extraction, giving further evidence of the inherent instability of this group. 

This fact was further exemplified in another experiment, in which an 
ammonium oxalate extract containing pectinogen was heated at 100° under 
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a reflux condenser for 8 hours before precipitation. Thus the pectinogen 
was in intimate contact with the extractive during this period. A comparison 
of analyses of a portion (a) freshly precipitated, and (b) after the above treat- 
ment, shows again the loss in methoxyl groups due to the prolonged action of 
the extractive: 


Sample Furfural % Methoxyl % 
(a) 20-32 71 
(b) 20-64 5-0 


The yield of mucic acid from pectinogen. 

In view of the fact that the basal molecule of pectic acid and pectinogen 
contains one molecule of galactose and four molecules of galacturonic acid 
or its methylated analogue, we might expect that large yields of mucic acid 
would be obtained on oxidation with dilute nitric acid. This was found to be 
the case although the actual yields obtained were never those indicated by 
theory. The acid was estimated by the method of Tollens in which a weighed 
quantity of the product is gently evaporated with nitric acid of sp.a. 1-15 
until the reaction is complete and a clear solution is obtained. The precipitate 
which forms on standing is re-dissolved in ammoniacal ammonium carbonate 
and slowly evaporated to dryness. The mucic acid is finally precipitated by 
addition of more nitric acid and weighed after filtration and dryitig in a Gooch 
crucible. 

Nanji, Paton and Ling [1925], seem to have experienced some difficulty 
with this estimation, but we have obtained yields of mucic acid from pectin- 
ogens corresponding to 40-50% galactose, and from pectic acid amounts 
equivalent to 50-60 °%. We have found that the method required very careful 
working and that it was necessary to evaporate very slowly for 2 days or more 
in order to ensure maximum yields. 

The yields obtained show considerable variations, due in part to the 
varying nature of the pectinogen and also, doubtless, to the estimation itself. 
They are considerably higher than those found by the above workers, but 
even now are not as high as theory requires. We have detected oxalic acid in 
appreciable quantity in the mother liquor after filtering off the mucic acid. 

The table shows the yields of mucic acid calculated as galactose from 
pectinogen, the last three estimations referring to pectic acid. 


Source Method of extraction Galactose % 
Turnips 0-5 % oxalic acid at 90° 40-9 

Onions 0-5 % oxalic acid at 90° 34:9, 37-0, 49-5 
Onions 0-5 % ammonium oxalate at 90 50-9 

Onions Pectic acid 50-1, 64-0 
Turnips Pectic acid 58-7 


The above figures are the averages of several estimations, each one referring 


to a different sample. 
In the experiments which follow, pectinogen was extracted under more 


standardised conditions and the effect of the concentration of the extractive 
and the time of extraction more fully examined. 
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Effect of concentration of extractive. 

In this series of experiments turnip residues were used which, after the 
usual washing, pressing and drying, had been finely ground and passed through 
a fine sieve in order to ensure uniformity as far as possible. Ammonium oxalate 
was used as the extracting agent and in strengths of 1%, 05%, 025%, 
0-1 % and 0-05 %. 

In each case, 20 g. of residues were weighed out and placed in a conical 
flask, 200 cc. of water were added, and, after about 2 hours, 200 cc. of am- 
monium oxalate solution. The mixture was heated in a water-bath under 
reflux for exactly 1 hour, then rapidly cooled, filtered through muslin and 
paper-pulp, and the pectinogen precipitated and dried as usual. 

It was found that the best yield was obtained in the experiments where 
0-5 % and 0-25 % oxalate had been used; nothing’ was gained by increasing 
the concentration to 1 %, and the extracts after treatment with 0-1 % and 
0-05 % oxalate contained such small quantities of pectinogen that precipitation 
was impossible. 

The variation in concentration of the extractive had little effect on the 
nature of the final product. 

The following gives the results in tabular form: 


Concentration of 


extractive Yield (approx.) Ash Furfural 
% % % % 
1-0 10 1-50 18-43 
0-5 13 1-72 18-69 
0-25 12 1-39 18-60 
0-1 ~- -— 
0-05 al 


It was decided that for general purposes no advantage was to be gained 


by departing from the usual practice of using 0-5 % solutions. 


Effect of time of heating on pectinogen. 

In these small scale experiments a standard method was employed and 
the pectinogen produced was the result of a single extraction, no additional 
heating or washing taking place after the period of extraction decided on. The 
pectinogen was usually redissolved and reprecipitated to eliminate the greater 
part of the inorganic salts adsorbed in the first precipitate. 

The procedure was as follows: 50 g. of air-dried residues were allowed to 
stand for 1 hour with 500 cc. of 0-5 °%, ammonium oxalate solution, after 
which a further 250 cc. were added and the mixture, in a flask under reflux, 
heated in a water-bath to 90—-95° for a definite period. At the end of a stated 
time the mixture was rapidly filtered through muslin and paper-pulp in a 
Buchner funnel and flask. The extract was poured into two volumes of 95 % 
alcohol, filtered, washed, redissolved, and reprecipitated. After the usual 
treatment it was dried to constant weight in a vacuum desiccator over phos- 


phorus pentoxide. 
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In a series of experiments under the conditions indicated, using turnips as 
the source of the pectinogen, the following results were obtained: 


Time of heating Ash Furfural Methoxyl] 
in hours e % % 
0-5 1-6 18-48 8-21 
2-0 1-2 18-86 6-61 
4-0 0-96 19-13 5-89 
24-0 1-95 19-45 3-19 


A short preliminary report to the Food Investigation Board for 1923, 
published in 1924, embodies some of these results in a modified form. 

Interesting points arise from these results, and from them it is possible 
to form some idea of the nature of pectinogen as it exists in the cell-wall. By 
extrapolating the curves to zero time we have a hypothetical pectinogen 
containing 9-1 % methoxyl and yielding 18-27 % furfural. Now, a compound 
having the formula shown below, but in which three carboxyl groups of the 
basal molecule are methylated, should yield 8-94 % of methoxyl and 19-17 % 
furfural. The latter figure is only an approximation, being based on a yield 
of furfural from the pentose group equal to 90 % of the theoretical value and 
from the galacturonic acid groups of 31 %, these being generally accepted 
figures. We did not anticipate complete agreement with theory owing to the 
suspected presence of another substance in small quantity in association with 
the main product. 

Another point arises in the consideration of these curves. It will be 
noticed that the results are almost constant at periods corresponding to 
18 hours and longer. There is thus evidence that the product formed at this 
period is somewhat more stable under the slightly alkaline conditions of the 
reaction. The product obtained after extracting for 24 hours contains 3-19 % 
methoxyl and yields 19-45 % furfural. A substance having the formula shown 
herewith, in which the basal molecule contains only one methylated carboxy! 
group, gives theoretical yields of 3-05 % and 20-3 % of methoxy] and furfural 
respectively, calculated as above. There is thus the probability that this 
compound is the main product at this stage of the extraction, although again 
differences from theory may be expected due to the presence of another sub- 
stance. It will be remembered that 4% sodium hydroxide is generally used 
to effect the complete change to pectic acid, and it is probable that this 
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compound is only completely de-esterified by the action of more strongly 
alkaline solutions than the hot ammonium oxalate; the positions of the various 
linkages in the molecule, at present unknown, may explain the comparative 
stability of this substance. 


The methoxyl content of pectinogen. 


It has been stated previously that methyl alcohol is one of the products 
of the action of alkalies on pectinogen. The preceding experiments show that 
the amount liberated varies according to the source of the pectinogen, the 
nature of the extractive, and the method and time of extraction. 

In addition, the question has arisen as to whether the methyl alcohol 
thus obtained is the only product of the reaction. Tutin [1923, 1] states that 
acetone in addition to methyl alcohol was found in pectin from apples after 
use in a cider-press. In the case of pectinogen prepared by the usual methods 
we have been unable to find any evidence of the existence of acetone (see p. 677). 

It is advisable to give the methods adopted in some detail in order that 
the evidence for the above statements may be more easily followed. The 
method of Zeisel was followed with but slight modifications now in common 
use. The products under examination were dried to constant weight over 
phosphorus pentoxide in a vacuum desiccator, more than a fortnight sometimes 
being required to effect this at room temperature. An accurately weighed 
sample in a capsule was placed in the Zeisel flask with 10 cc. of hydriodic 
acid of sp.a. 1-7. Carbon dioxide was passed into the reaction flask, which 
was connected to two flasks containing alcoholic silver nitrate solution; the 
reaction was carried out at 130-135°, methyl iodide being swept into the 
receiving flasks and silver iodide consequently precipitated. This was washed, 
dried and weighed in the usual manner. 

The method proved of general utility in dealing with these products and 
gave results at least as accurate as those obtained in more orthodox organic 
chemical practice, as the following list shows. Duplicate results of estimations 
on different samples are shown: 

(i) 3-77, 3-80. (iii) 6-74, 6-80. 
(ii) 3-18, 3-27. (iv) 8-30, 8-37. 

The method of Schryver and Wood [1920] is a micro-method of great 
delicacy, depending on the oxidation of methyl aleohol to formaldehyde by 
ammonium persulphate. The reaction is followed colorimetrically, by means 
of the well-known colour reaction of formaldehyde with phenylhydrazine and 
potassium ferricyanide. The great accuracy of the method is the chief re- 
commendation for the process, which takes considerably longer to accomplish 
than the older method of Zeisel. In estimating the methyl alcohol liberated 
from pectinogen, a standard solution of the sample was prepared and accurate 
aliquot parts placed in conical flasks. An equal quantity of 8% sodium 
hydroxide was added and the mixture allowed to stand with occasional 
shaking for 1 hour. Any gel that had formed was filtered off and a definite 
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quantity of the filtrate containing methyl alcohol was run into a distilling 
flask; the liquid was neutralised with glacial phosphoric acid and distilled 
into a receiver surrounded with a freezing mixture. An elaborate system of 
flasks acting as traps was also maintained at about — 5° and distillation was 
arried out at such a rate that the drops froze in the first receiver as they came 
over. On melting, the distillate was made up to definite volume and estimated 
in the above manner. 

It is obvious that the two methods are totally different in principle and 
procedure and it is of importance from the present point of view to note that 
the second method is very susceptible to the presence of ethyl alcohol and 
acetone, these two substances reacting under the conditions of experiment 
and thus causing big differences in the results. It would thus be legitimate to 
assume that if concordant results, within the limits of experimental error, 
are obtained by the two methods, then the only volatile product of the action 
of the alkali on pectinogen is methyl alcohol. The table gives a comparison 
of results by the two methods. They agree so well that the first method was 
adopted as the standard method, since it is quicker, the second being used in 


special cases. 
Methoxyl % 


ee 
Sample No. Zeisel Schryver and Wood 
I 7-1 6-9 
2 2-1 2-2 
3 2-2 2:3 
4 1-9 1-8 
5 7-4 73 
6 3-4 3-2 
7 2-3 1-9 
8 7-1 7-2 


The conversion of pectinogen into pectic acid. 


It has been stated and generally accepted that the main product of the 
action of alkalies on pectinogen is pectic acid. The object of the experiments 
now to be described was to determine the most suitable alkali for the purpose, 
and to discover whether this substance was the sole non-volatile product of 
the reaction. If there is another product of the reaction it must exist as a 
soluble substance in the alkaline extract after removal of the insoluble pectic 
acid. The choice of an alkali must therefore be governed by this consideration, 
and it would seem advisable to use one which can be easily eliminated from 
solution. It seemed feasible to employ lime or baryta water, thus effecting 
the alkaline change and the precipitation of a gel in one operation. It was not 
known, however, whether these alkalies were sufficiently strong to effect the 
change, and in order to show that the main insoluble product of the reaction 
was pectic acid the following procedure was adopted. A solution of pectinogen, 
about 1 % strength, was allowed to stand with an equal volume of saturated 
lime water in one case, and saturated baryta water in the other, for a period 
of 24 hours. The gel, which formed immediately, was thoroughly washed with 
water and then allowed to stand in moderately concentrated hydrochloric acid, 
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several changes being given. By this means the calcium or barium gel was 
converted to pectic acid and the inorganic constituents eliminated almost 
entirely. Further washing took place until the washings no longer reacted acid, 
and then the gel was dried in graded strengths of alcohol as usual. The products 
were vacuum-dried at room temperature to constant weight before analysis. 

The products obtained all contained less than 1 ° ash, showing that we were 
dealing with the acid and not the salt. The yield of furfural, calculated on an 
ash-free basis, on four products obtained by the action of lime water was: 21-42, 
22-33, 22-39, 22-12; average 22-06 %. The product of the action of baryta 
gave as an average of two determinations, 21-94 °/,. These figures are within 
very close limits of those usually obtained for pectic acid, and we may reason- 
ably conclude that these alkalies are effective. 

Owing to the ease with which these bases can be removed from solution 
they were of great use in the examination for soluble products of the reaction 
on a larger scale. Evidence of the existence of such products was obtained in 


a somewhat unusual manner. 


Anomalies in the methyl alcohol content of pectinogen. 

The series of experiments undertaken at this point was designed to deter- 
mine the rate at which the methyl alcohol was liberated from pectinogen 
solutions by the action of lime-water. 

The pectinogen used in this series was prepared by heating the residues 
with 0-5 % ammonium oxalate solution for 24 hours, and gave the following 
analyses: 

Ash: 1-95 %; Furfural: 19-45 °%; Methyl alcohol: 3-29 % (Zeisel). 

A standard solution of pectinogen (about 0-6 %) was prepared and 50 cc. 
placed in each of five conical flasks; 50 ec. of saturated lime-water were then 
added and the flasks, loosely stoppered, allowed to stand in the ice-chest for 
3, 5, 24 and 72 hours. At the end of the allotted time, the mixture was centri- 
fuged, the calcium gel being thrown down, and 25 cc. of the supernatant liquid 
were made up accurately to 100 cc. The methyl alcohol in this solution which 
contained the equivalent of 0-053 g. pectinogen per 100 cc. was determined 
by Schryver and Wood’s method without distillation. The following are the 


results obtained: 


Critical 
Period of concentration of CH,OH 
Sample reaction persulphate CH,OH  Pectinogen 100 g. 
No. hrs. % % % pectinogen Difference 

] 1-3 0-143 0-0084 0-053 11-56 8-27 
2 3°3 0-153 0-0090 — 12-39 9-10 
3 5:3 0-174 0-0102 -- 14-04 10-75 
4 24-0 0-266 0-0157 = 21-48 18-19 
5 72-0 0-255 0-0151 — 18-50 15-11 


The figures in thick type in the final column indicate the difference between 
the observed apparent methyl alcohol content and the value obtained by the 
method of Zeisel. The results indicate (i) that about 24 hours is the optimum 
time for the reaction; (ii) that there must be some substance other than 
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methyl alcohol present in the alkaline extract. This substance must be capable 
of reducing the ammonium persulphate used in the above method, thus giving 
a falsely high apparent methyl alcohol content. As will be shown later, large 
scale experiments resulted in the isolation of this substance. Thus we have as 
products of the action of alkalies on pectinogen: pectic acid, methyl alcohol 
and a new substance, shown later to have many properties in common with 
hemicelluloses previously described. 


Isolation of a hemicellulose from pectinogen. 


1. Preparation of pectinogen. 400g. of the dried cell-wall substance of 
turnips were allowed to stand with 4000 cc. of water for about 2 hours, when 
all the water had been taken up. 4000 cc. of 1 % ammonium oxalate solution 
were then added with constant stirring. The mixture was placed in large flasks 
and the temperature maintained at 90—95° for 24 hours by means of a constant- 
level water-bath. 

On cooling and filtering the extract amounted to about 6 litres and the 
pectinogen was precipitated by pouring this into about 10 litres of 95 °% alcohol. 
The precipitate was very gelatinous and filtered slowly, and when most of the 
alcoholic liquid had passed the filter, the gel was redissolved in water and again 
precipitated. The pectinogen was finally dried by standing in graded strengths 
of alcohol and ether, and then in a current of air from a fan. The air-dry 
weight was 68 g., representing 17 °% of the residues. 

2. Separation of the hemicellulose. 65g. of the air-dried pectinogen were 
dissolved in 6500 ce. of distilled water, and an equal quantity of saturated 
lime-water added with stirring. The mixture was allowed to stand for 24 hours, 
and then ihe gel was filtered off and washed thoroughly. The filtrate and 
washings were saturated with carbon dioxide to remove excess of lime, and 
again filtered. The final volume of the liquid, after concentration in vacuo, was 
about 100 cc. and this was filtered into 300 cc. of alcohol. A light flocculent 
precipitate came down gradually and settled on shaking. This was dried in a 
vacuum desiccator over phosphorus pentoxide. 

The substance was very similar to the cytopentans and hemicelluloses 
described elsewhere. It was a white powder, soluble in water, and gave strong 
reduction with Fehling’s solution after hydrolysis with hydrochloric acid. 
The presence of pentose or other furfural-yielding groups was indicated by a 
strong positive phloroglucinol reaction. 

The entire process was repeated with a different batch of turnips and the 
yield of hemicellulose in each case was between 3 and 4 % of the original 


pectinogen. 
The following analytical results were obtained: 
Ash Furfural 
oO, 0, 
® oO Oo 
lst product 17-16 12-04 
2nd product 23-29 12-77 





Average 12-40 
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The high ash content of these samples is inherent in the method of pre- 
paration, as the calcium carbonate formed in the cold lime-water extract is 
very finely divided and difficult to separate completely. 

A portion of the substance was dialysed for some days in presence of very 
dilute acid, reprecipitated and dried. This gave the following: 

Ash: 5-1 %; Furfural yield: 12-71 %. 

An important point arises from the foregoing with regard to the procedure 
adopted. The time of heating—24 hours—was decided on because the com- 
position of the pectinogen appears to be more stabilised after heating for 
that period. We may expect the maximum amount of chemical action after 
such a period, and, therefore, an increased yield of any substances associated 
with pectinogen. There is only one element of uncertainty and that is in 
respect of the solubility of the hemicellulose. The extracting solution is 
sufficiently alkaline to liberate the methyl alcohol in the course of the ex- 
traction; is it sufficiently alkaline to liberate the hemicellulose, and is there 
likely to be any of this substance lost in the alcoholic filtrate after precipitation 
of the pectinogen? 

This point was settled by the following experiments: 120 g. of cell-wall 
substance from turnips were heated for 24 hours with 2400 cc. of 0-5 % am- 
monium oxalate solution at 85-95°. The extract was filtered through a Buchner 
funnel and the pectinogen precipitated with 2-3 volumes of 95 % alcohol. 
The product was redissolved and reprecipitated, and finally dried in graded 
strengths of alcohol. The combined alcoholic filtrates were evaporated to 
small bulk under diminished pressure and lime-water added to precipitate 



























the ammonium oxalate and any pectinogen still in solution. Air was passed 
through the solution while hot, to free it from ammonia, and further evaporation 
took place after careful filtering through fine filters to remove calcium oxalate. 
The concentrated liquid gave no reduction with Fehling’s solution before or 
after hydrolysis with dilute hydrochloric acid, and the addition of alcohol 
and ether failed to produce any precipitate. From this we concluded that 
the hemicellulose was not split off under the action of the extractive, but that 
a stronger alkaline action was necessary. 

In view of the success attained by following out the indications of the 
small-scale experiments (p. 688) on turnip pectinogen, it was decided to adopt 
the same large-scale procedure in the case of pectinogen derived from onions. 
The objects were to determine whether a hemicellulose was usually associated 
with pectinogen, and if so, whether the characteristics of such a substance 
were the same from different sources. 

Using onions as the source, the yield was somewhat larger than that 
obtained from turnips. The product was prepared in an exactly similar 
manner to that already described. The following are average results from two 
samples of different origin: 


Ash Furfural 
0 0 
oO oO 
Ist product 12-03 9-64 
2nd product 10-76 8-62 


Average 
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It will thus be observed that although substances of the same general 
type were obtained in each case, they did not appear to be identical, as shown 
by furfural yields. It will be remembered that an earlier paper [Clayson, 
Norris and Schryver, 1921] described the cytopentans, substances similar 
to the hemicelluloses, and found that no agreement in analyses was to be 
observed in these substances prepared from a variety of sources. It is pro- 
bable that they are mixtures, or substances varying with the metabolic 
processes in the plant. Our present knowledge does not enable us to form any 
rigid theories as to their nature. 

Reverting to our suggested formula for the chief constituent of pectinogen, 
it will be seen that the slight departure from theoretical analytical results can 
be explained by the presence of this small quantity of furfural-yielding 
substance. There is therefore every reason to believe that pectinogen consists 
of a methylated pectic acid, in which the methoxyl groups are readily elimi- 
nated together with a small quantity of another furfural-yielding substance, 
similar in general character to the hemicelluloses. The conversion of pectinogen 
to pectic acid is not one solely of de-esterification, but involves in addition the 
separation of this secondary substance. 


Additional note on the hemicelluloses. 


Clayson, Norris and Schryver have previously shown [1921] that by direct 
treatment of the cell-wall substance with 4% sodium hydroxide products 
similar to the hemicelluloses of Schulze were obtained. In this paper we have 
described the preparation of substances of the same general type by the action 
of alkalies on pectinogen, with which they appear to be associated. In addition, 
we have found that, after extracting pectinogen by the usual methods, sodium 
hydroxide is still capable of liberating hemicelluloses from the cell-wall sub 
stance. It will be convenient to represent these results by the following 








scheme: 
CELL-WALL SUBSTANCE 
NaOH NaOH Ammonium "eeemaieaen 
followed by Oxalate Oxalate 
Ammonium followed by 
Oxalate NaOH 
PECTINOGEN 
| | 
NaOH, 
Ca(OH), 
PECTIC ACID | METHYL ALCOHOL | 
| 
HEMICELLULOSE A HEMICELLULOSE B HEMICELLULOSE C 


We thus have three types of hemicellulose, and the object of further 
researches will be to determine the relation, if any, existing between them and 
the other constituents of the cell-wall. 

‘Hemicelluloses of the type C were prepared by treating the cell-wall 
substance, from which all pectinogen had been extracted and washed out, 
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with 4 % sodium hydroxide. The alkaline extract was neutralised with dilute 
acetic acid and the product precipitated with 95 °% alcohol. Solution and 






reprecipitation followed, after which drying was carried out in the usual 






manner. 
The table shows the furfural yields of hemicelluloses of the three types. 
The products were obtained as far as possible from the same batch of turnips 
or onions; results in which an asterisk is shown are either abstracted from 
a paper by Clayson, Norris and Schryver [1921] or are from different batches 
































of raw material. 


Source A B Cc 
ny = aera a ce a 
Ash Furfural Ash Furfural Ash Furfural | 
° ° o ° ° ° | 
o o oO (a) oO oO | 
Turnips 5-9* 41-11* 17-16 12-04 8-18 18-39 
— — 23-29 12:77 9-4 19-31 
Onions 3:8 10-89 12-03 9-64 6:1 9-80 
2-5* 20-32* 10-76 8-62 4-3 9-28 


: The relationship between the various types as shown by these analyses 
is very slight, and it would be inadvisable to attempt any generalisation. It 
is hoped to conduct further enquiries into the nature of these substances at a 
later date. 

The hemicelluloses are not simple products of the condensation of pentose 
and hexose groups, but contain in addition sugar acids of the galacturonic 
acid type as indicated by the evolution of carbon dioxide on hydrolysis in 
accordance with the method advocated by Nanji, Paton and Ling [1925]. 


SUMMARY. 


1. Recent investigations on pectic substances are summarised, and 
indicate that pectic acid is a definite chemical substance and is, in fact, the 
basal molecule of this class of substance. The conception of Nanji, Paton and 
Ling, whereby the molecule may be regarded as a ring with six sides, these 
corresponding to one molecule of galactose, one molecule of arabinose, and 
four of galacturonic acid, the carboxyl groups of the last being free, may be 
accepted as a convenient working hypothesis. 

2. Pectinogen occurs in the cell-wall as a methylated pectic acid in loose 
combination with metallic ions such as calcium. It is probable that three of 
the free carboxyl groups in the parent acid are methylated, leaving the remain- 
ing one to fulfil its acidic function. There are indications that an intermediate 
compound, containing only one methoxyl group, may be obtained, and that 
it is more stable than the trimethylated compound. 

3. Pectinogen is obtained in the laboratory by extracting the cell-wall 
substance with warm 0-5 °% solutions of such substances as ammonium 
oxalate or oxalic acid. Its composition, especially with regard to methoxyl 
content, varies considerably with certain factors, of which the period of 
extraction is the most important. The shorter the period of extraction, the 
more nearly does the composition of the resulting pectinogen correspond to 
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that of pectinogen as it occurs in the cell-wall, although the yield is not 
theoretical. 

4. Alkalies, such as lime-water, effect the conversion of pectinogen to 
pectic acid, which is precipitated. The action is not one solely of de-esterifica- 
tion, since, in addition to methyl alcohol, a substance similar to the hemi- 
celluloses is found in the alkaline filtrate. This hemicellulose may be an 
unstable or variable constituent, since its composition as shown by furfural 
yield, does not appear to be constant. 

5. Substances of the general type described as hemicelluloses may also be 
obtained by direct extraction of the cell-wall substance with caustic soda or 
by similar treatment after extraction of pectinogen. It is difficult at present 
to draw any conclusions with regard to the relation of these substances to the 
pectic complex, as they appear to be mixtures, variable in composition, such 
variations being very probably due to the processes of metabolism in the plant. 
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THE microscopical examination of a disc cut from the log of a freshly felled 
beech tree was carried out by Mr J. F. Martley in the Forest Products Research 
Laboratory at South Farnborough in the spring of 1924. It showed that a 
tertiary layer was present in the cell-wall over certain areas of the disc. This 
tertiary layer, which was confined to a sector extending from 90° to 290° 
approximately (7.e. the southern side of the trunk), was distinguished from the 
normal secondary thickening layer of the cell-wall both optically and in its 
reactions to stains and reagents. It was also found to respond to the micro- 


chemical tests for pectin. ; 

There being no evidence in the literature of the isolation and chemical 
examination of a pectic substance from wood, it was decided to apply to the 
sawdust obtained from the same beech log as the dise mentioned above, the 
method for the isolation of pectic acid from unlignified tissue advocated by 
Clayson, Norris and Schryver [1921]. 

For this purpose, 475 g. of sawdust from the north side of the trunk and 
300 g. from the south side were treated separately. They were extracted 
several times with hot water, and then with 4 °% sodium hydroxide solution 
to extract the hemicellulose [O’Dwyer, 1923]. The sawdust, after the soda 
solution had been filtered off, was washed free from alkalies, and then treated 
with hot 0-5 °{ ammonium oxalate solution several times, and filtered. 

Although a large percentage of the tannin had been extracted from the 
sawdust by the treatment with hot water and sodium hydroxide, a consider- 
able amount came out after treatment with hot ammonium oxalate, and the 
addition of hydrochloric acid to the ammonium oxalate extract brought down 
tannin as well as a white precipitate. Hence it was found necessary to eliminate 
tannin before adding hydrochloric acid to the solution. The reagent used for 
its removal was hide-powder, employed according to the methods for tannin 
analysis as outlined in the Official Methods of the Society of Leather Trade 
Chemists, without the preliminary light chroming. This method proved quite 
successful. The hide-powder did not precipitate the pectic substance, which 
came down afterwards on the acidification of the tannin-free solution with 


hydrochloric acid. 
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This substance, which is insoluble in water but soluble in ammonia, was 
purified by dissolving in 0-5N ammonia and reprecipitating with hydrochloric 
acid, when a thick gelatinous mass was formed. This was dialysed for some 
days with distilled water, until the liquid outside the dialyser gave only the 
faintest turbidity with silver nitrate. The substance was then treated with 
graded strengths of alcohol and then with ether; to complete the drying it was 
allowed to stand over phosphorus pentoxide in a vacuum desiccator. 

It was found that the yield from the 475 g. from the north side was 1-476 g. 
(about 0-3 %), whilst the yield from the 300 g. from the south side of the beech 
log was 1-44 g. (a little less than 0-5 %). The product was found to be free 
from nitrogen by the method of Kjeldahl. The furfural yield was determined 
by hydrolysing about 0-2 g. with 12 % hydrochloric acid and treating the 
distillate with phloroglucinol, as described by the author in a previous com- 
munication [1923]. The test for methylpentose gave a negative result. The 
amount of furfural phloroglucide, reckoned as pentose, obtained from the pro- 
duct from the north side, was 43-0 °% , and from that from the south side of the 
log 42-6 %. These figures approximate very closely to those obtained by 
Clayson, Norris and Schryver [1921] for the pentose content of pectic acid. 

The optical rotation was obtained from a solution of the product in 0-5N 
ammonia, but, as in the case of pectic acid obtained from unlignified tissue, 
it was only found possible to employ small concentrations. A 0-12 % solution 
gave a specific rotation of + 264°, which is within the limits found for the 
specific rotation of pectic acid obtained from various sources. 

The following results were obtained on analysis by the method of Denn- 
stedt: 

(1) 01926 g. gave 0-2808 g. CO, and 0-1008 g. H,0. 

Ash = 0-0053 g.; C = 40:73 %; H = 5-89 %; O = 53-38 %. 

(2) 0-1931 g. gave 0-2820 g. CO, and 0-1044 g. H,0. 
Ash = 0-0065 g.; C = 40-84 9%; H = 5-79 %; O = 53°37 %. 

The figure obtained for carbon in each case is a little lower, and that for 
hydrogen a little higher than those obtained for pectic acid in unlignified tissue 
[Clayson, Norris and Schryver, 1921], but the differences are very slight. Owing 
to the small amount of the product obtained, it was impossible to purify it by 
the methods of these authors. 

Had this been done, there seems to be little doubt that the results would 


have agreed even more closely with theirs. 


SUMMARY. 

There seems to be no reasonable doubt that the product obtained from 
beech wood by extraction with hot dilute ammonium oxalate and precipitation 
with hydrochloric acid is of a pectic nature and corresponds with the pectic 
acid obtained by Clayson, Norris and Schryver from unlignified tissue. 

The fact that a considerable amount of the product was obtained from a 
part of the log in which no evidence of a tertiary layer could be found micro- 
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scopically seems to show that the pectic substances are not confined to this 
particular layer in the cell-wall. 

The isolation of this substance from lignified tissue is of some importance, 
as it seems probable, from other work being carried out in this laboratory, that 
there may be some connection between the amounts of pectic substance and 
of hemicellulose in lignified and unlignified tissue respectively. 


The above work was made possible by a grant to the author from the 
Department of Scientific and Industrial Research. To the Department, to 
Prof. 8. B. Schryver, under whose direction the research was carried out, and 
to Mr J. F. Martley, who undertook the microscopical examination of the disc 
of beech, the author’s best thanks are due. 
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A crITICAL perusal of the literature on this subject will show that in few cases 
have the proposers of methods adduced any proof of their.accuracy. As we 
were in need of a convenient method of known probable error we subjected the 
question to a rather prolonged investigation, and were able finally to establish 
a procedure by means of which total, inorganic, lipin! and (if desired) “acid- 
soluble” phosphorus may be conveniently estimated in blood, plasma or 
corpuscles with a probable error not exceeding + 5 %. 

Only two of the published methods appear to be sufficiently simple and 
convenient for routine use, namely, the colorimetric method described in its 
first form by Bell and Doisy [1920], and later modified by Briggs [1922, 1924], 
and the nephelometric method of Bloor [1918]. 

Numerous preliminary experiments with Bloor’s method convinced us 
that the inconvenience and uncertainty of the process made it most un- 
desirable if large numbers of analyses were to be done quickly. 

Bell and Doisy’s method [1920] as modified by Briggs [1922] has been used 
fairly extensively, but no satisfactory evidence as to its reliability has ever been 
furnished. Briggs [1922] talks of a “non-fading colour for comparison, the 
proportionality of which is exact over a wide range.” In his second paper 
[1924] he merely states that certain suggested changes leave “‘the propor- 
tionality to inorganic phosphorus unimpaired.” Martland and Robison [1924] 
remark that “there are many pitfalis in the determination of phosphorus 
compounds in blood,” but they do not seem to suspect any lack of propor- 
tionality between the colour developed and the amount of phosphate present. 

We set out to see how far Briggs’ method satisfied the following criteria: 

(1) Correct estimation of known amounts of phosphates in pure aqueous 
solutions. 

(2) Agreements of duplicate analyses of the same blood or blood products. 


“ 


(3) Correct recovery of known amounts of phosphate added to blood or 
blood products. 

The method depends on the fact that the phosphomolybdic acid produced 
when molybdic acid is added to a solution containing phosphate is reduced 
with formation of a blue colour by many reducing agents, the one used by Bell 


1 “Lipin” is used throughout in place of the old term “lipoid.” 
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and Doisy and by Briggs being quinol (hydroquinone). Since the coloration 
with the small amounts of inorganic phosphorus normally present in blood 
may be too pale for good colorimetric comparison, we tried various other 
reducing agents, such as amidol and metol. With metol more intense colora- 
tions can be obtained, but unfortunately they are so much less stable that we 
returned to quinol as reducer. 

Degree of acidity. The degree of acidity of the complete mixture at the time 
colour begins to develop has an important influence on the depth of coloration 
produced by any given amount of phosphate. 

With gradually increasing concentration of acid (sulphuric acid) in the final 
solution in which colour develops, the depth of coloration produced increases 
to a maximum and then decreases. Further, in the neighbourhood of the 
maximum the coloration is less stable than when it is paler than the maximum. 
The instability is manifested by a gradually increasing depth of colour ter- 
minating sooner or jater in the appearance of inky-blue streaks spreading 
through the liquid. This change, which in the less stable solutions may become 
apparent in little more than an hour, obviously indicates a general reduction 
of the molybdic acid, but the cause of it is obscure. It always begins at the 
surface of the liquid, but it is not due to contact with atmospheric oxygen or 
to the absence of sulphur dioxide from the solution. 

From these observations it is clear that it is necessary to compromise 
between the degree of acidity giving the maximum coloration and the degree 
of acidity which gives the maximum stability, because at maximum stability 
the coloration is too pale for satisfactory colorimetric comparison. From the 
behaviour of our series of mixtures we consider that it is best so to arrange 
matters that the final solution in which the colour is developing is N/2 in 
respect of the sulphuric acid in it. 

The question of acidity must also be considered from another aspect. The 


phosphorus of a blood product must be brought into the form of inorganic 
phosphate for its actual estimation. In the case of the total phosphorus and 
the lipin phosphorus this is effected by digestion with sulphuric and nitric 
acids, and the acidity of the final solution is due solely to the sulphuric acid 
contained in it. But in the case of the inorganic phosphorus, the blood, 


plasma, or corpuscles are first precipitated with trichloroacetic acid to remove 
proteins, and the filtrates contain considerable quantities of that acid. Mart- 
land and Robison mention that trichloroacetic acid contains an impurity 
(removable by distillation) which itself slowly develops a coloration with 
molybdate and quinol. This we can confirm, but we cannot confirm their 
statement that trichloroacetic acid so purified does not affect the colour 
development in a mixture containing phosphate, molybdate, quinol, etc. On 
the contrary, it is necessary not only to balance the sulphuric acid content 
of standard and unknown, when the solution is a digestion product, but also 
to balance the trichloroacetic acid contents when the unknown is a filtrate. The 
balancing is best doue by titrating an aliquot part of the diluted digestion 
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product or filtrate (with sodium hydroxide and phenolphthalein) and adding 
the amount of sulphuric acid or of trichloroacetic acid so determined to the 
standard; but using the quantities detailed below in Haperimental Data we 
found that the quantity of sulphuric acid to be added to the standard for a 
digestion product was always such as to make the final solution in which the 
colour develops very nearly N/2 in respect of this acid, and the amount 0g 
trichloroacetic acid to be added to a filtrate standard such as to make it N/10 
in the case of a whole blood filtrate. In the case of the plasma rather more and 
in the case of the corpuscles rather less free trichloroacetic acid remains in the 
filtrate. Hence it is necessary to use the three different standards mentioned 
in Kxperimental Data for filtrates from whole blood, plasma and corpuscles 
respectively. 

[t will be seen that, when a product for comparison is obtained by digestion, 
it and its standard are N/2 as regards sulphuric acid, whilst in the case of a 
filtrate the acidity is N/2 in regard to sulphuric acid plus about (in all three 
cases) NV/10 as regards trichloroacetic acid. As we have purposely chosen to 
work in a fairly stable range of the scale of acidity this difference between 
N/2 in the one case and N/2 plus about N/10 in the other does not matter, 
provided the appropriate standards are used. This means that in the case of 
a digestion product the requisite quantity of sulphuric acid must be added to 
the standard, and in the case of a filtrate the requisite quantities of sulphuric 
acid and of trichloroacetic acid must be added to the standard. In the latter 
case the same quantity of sulphuric acid must, of course, be added to the 
filtrate also. The most convenient way of doing this is to employ for the filtrate 
estimations a 5 °%% molybdate solution to which the requisite proportion of 
sulphuric acid has been added, and to use for the digestion products a neutral 
molybdate solution, and add to the “digestion” standard the sulphuric acid 
beforehand. 

Proportionality of colour produced to phosphate present. It has already been 
mentioned that no experimental data seem to have been published on this 
point. ‘ 
We consider that the estimations about to be referred to prove that 
unknown and standard should not differ by more than about 30% if the 
results are to be free from uncertainty. 

Preliminary experiments (four in each case), using Briggs’ standard and 
our own, which is twice as strong, gave a maximum error of 3 % with con- 
centration differences up to 100 %, but later experiments on blood products 
indicated that this agreement was fortuitous. Thirteen pairs of estimations 
were then made, the first of each pair employing our usual standard (except 
in four cases, where Briggs’ standard was used) and the second of each pair 
using a standard nearly of the concentration of the unknown. In the first 
of each pair the unknown was about two and a half times the strength of the 


standard, and the errors ranged from + 14 % to + 7%. Inthe second of each 
pair, where unknown and standard did not differ by more than about 10 %, 
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the errors ranged from 0% to —3%. Similar results were obtained in the 
recovery of inorganic phosphate added to blood filtrates. 

Finally, we compared with our standard a series ranging in concentration 
from two-thirds of the standard by six steps up to one and a half times the 
standard. This series was repeated five times. The errors of all thirty estima- 
tions lay between — 2% and + 5%. 

Our experiments on recovery of phosphate from blood products (compare 
next paragraph) show that the permissible difference of concentration is then 
frequently smaller than in the case of the pure phosphate solution, and 
approximates to the 25 °% difference mentioned by Myers and Shevsky [1921] 
and confirmed by Randles and Knudson [1922] as being the limit for the original 
Bell and Doisy method. 

Recovery of phosphate added to whole blood. Inorganic phosphate added to 
whole blood is quantitatively recovered (maximum observed error 5 %) if 
the blood plus phosphate is digested, and the added phosphate reckoned by 
deduction of the total phosphorus of the blood. If, however, the blood after 
addition of phosphate is precipitated with trichloroacetic acid and the added 
phosphate is estimated by deduction of the inorganic phosphate of the plain 
blood, the results are up to 13 % too high, although duplicate analyses using 
the same blood agreed within 2 %, in every instance. This is the only case in 
which quantitative recovery (within 5%) of added phosphate cannot be 
obtained. The effect is possibly due to an alteration in the py of the plasma 
caused by the added phosphate [compare Martland, 1925]. 

Recovery of phosphate added to plasma. In eight experiments the errors 
ranged from + 1% to+4%. 

Agreement of duplicate analyses of inorganic phosphorus in whole blood. The 
bloods were laked with 1 °% trichloroacetic acid as described by Martland and 
Robison. Fifteen samples were dealt with, from each of which two separate 
filtrates were made. The differences between duplicates ranged from 0 % to 
+ 6 % (in one case). 


General conclusions as to the estimation of inorganic phosphate. 

We think it follows from the experiments above described that small 
quantities of inorganic phosphate may be recovered from pure phosphate 
solutions, from plasma or plasma filtrate, and from blood filtrate with a 
probable error of not more than 5 %, provided that: 

(1) Approximately equal concentrations of the colour-producing reagents 
and approximately equal temperatures are maintained. 

(2) The specified degree of acidity exists in the solutions at the time the 
colour is developing and that it is the same in both solutions. 

(3) The phosphate concentrations of unknown and standard do not differ 
by more than about 30 %. 

(4) Where trichloroacetic acid is present in the unknown it is balanced 
by an equal amount in the standard. 
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Inorganic phosphate added to whole blood before precipitation is not 
quantitatively recovered within this limit, probably owing to changes caused 
by the added phosphate itself, but the agreement of duplicate analyses of any 
particular blood, with or without added phosphate, is as good as that observed 
with pure phosphate solutions, plasma, or with blood or plasma filtrates. 


Improved digestion process for total and lipin phosphorus. 


For the estimation of total phosphorus, lipin phosphorus and “acid 
soluble” phosphorus (7.e. total phosphorus of a filtrate) the phosphorus must 
be brought into the form of inorganic phosphate. This has been usually 
effected by means of digestion with a mixture of concentrated sulphuric and 
nitric acids (H,SO, one part, HNO, two parts), but many references are to be 
found in the literature to difficulties which have been met with in carrying out 
such digestions. These troubles arise chiefly from the fact that whilst it is 
necessary to destroy all the organic matter and to obtain a final product 
absolutely free from nitric acid—these considerations require a fairly high 
temperature—yet if the temperature is too high not only is sulphuric acid lost 
(which upsets the final degree of acidity) but phosphoric acid may volatilise 
with it, as Baumann [1924] has shown. For this reason Baumann proposes to 
replace the nitric acid by concentrated hydrogen peroxide. We have not tried 
this, as with the procedure about to be described the nitric acid digestions 
need give no trouble. 

The heat applied should be so regulated right from the start that it is just 
sufficient, when all the water, etc. has boiled off, to keep the remaining small 
quantity of sulphuric acid just at or below its boiling-point. Using the 
ordinary micro-burners which have been generally recommended it is very 
difficult to hit upon or to maintain precisely this measure of heat. In our 
experience to run two digestions simultaneously requires the continuous 
attention of a skilled person for a considerable time, and even then losses from 
overheating occasionally happen. 

Electrical heater. This uncertainty and error and the tedious personal 
attention can be entirely eliminated by the use of a suitable electrical heater. 
With such a heater it is also possible to carry out any number of digestions 
simultaneously. 

The instrument was improvised from the heating elements of an ordinary 
electric radiator which is on the market?, and which by a fortunate chance 
might have been designed for the purpose. 

The heating elements referred to consist of porcelain troughs 5} inches 
long and 1} inches wide divided by lateral porcelain partitions (the whole is 
in one piece) into six small square compartments each measuring about 


# inch square (internal) at the top. The partitions are pierced with holes 


1 The radiator in question is known as the Revo, and is made by the Cable Accessories Company, 
Tividale, Staffs. A set of four heating elements each containing six compartments can be pur- 


chased for 12s. 
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through which the spiral resistance wire passes. The wire is in this way sus- 
pended about the middle of the trough. For the purpose of these digestions 
it is necessary that the bottoms of the pyrex tubes should be just in contact 
with the hot spiral, but it will be found that in the case of the usual 
250 x 25 mm. tubes the squares are slightly too small to permit of this. The 
spiral is therefore removed and the internal edges of the square cautiously 
chamfered off (by holding them against a carborundum stick rotated in the 
lathe) until, on trial, the tube is found just to touch an inserted twist drill 
or similar object of the same diameter as the spiral. The heating element 
thus modified is mounted on a sheet of uralite which is separated by two 
half-inch pieces of wood from a light wooden base-board. The heater is then 
placed between the end pieces of a light wooden test-tube rack about 10 inches 
high, the top of which is bored with 1} inch holes in positions corresponding 
with the square compartments of the porcelain below. The instrument is con- 


nected in series with a sliding rheostat of suitable resistance. 

When all the more volatile matter has boiled off from a digestion there is 
left about 0-3 cc. or 0-4 cc. of sulphuric acid. It is necessary to find by trial 
that setting of the rheostat which will give the heat required to keep this small 
quantity of acid just in the neighbourhood of its boiling-point, so that the 
production of only an occasional bubble of gas is to be noticed in the liquid. 


Once this point has been found, and given a reasonably constant voltage, the 
apparatus needs no further attention and is merely switched on every time a 
new batch of tubes is introduced. 

If the degree of heat applied is that specified above there will usually still 
be nitric acid present when the transitory production of dense fumes indicates 
the departure of the last traces of water, for the fumes will be brown. If the 
liquid is colourless, it is only necessary to continue the heating until no brown 
fumes are to be seen, and then add the sugar solution mentioned below. The 
liquid may, however, still be brown. In this case it is of no use to continue 
heating after the brown fumes have disappeared. The current should be cut 
off, and when the tubes are nearly cold one or more drops of-concentrated 
nitric acid should be added and the heating continued. 

Addition of sugar. If the process is conducted as described no loss of 
sulphuric acid or phosphoric acid by volatilisation can occur, because after the 
water has disappeared all the vapours condense within the tube; but there is 
another possibility that must be guarded against. Bloor [1918] obtained low 
results if the digestion was stopped at this stage, and ascribed them to the 
presence of some combination of phosphoric and nitric acids which did not 
react with strychnine molybdate. Martland and Robison [1924] sometimes 
obtained low results, which they considered due to absorption of phosphoric 
acid by the glass in consequence of overheating. In any case, nitric acid or its 
decomposition products frequently remain in the product even after prolonged 
heating subsequent to the disappearance of brown fumes, for they can be smelt 
in the cold digestion product. Whether they bind any phosphoric acid or not, 
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these nitrogen compounds must be removed, because they upset the colori- 
metry. When the digestion product is colourless and no more brown fumes are 
visible we therefore (following Bloor) add as many drops of 1 % cane sugar as 
will cause a distinct browning of the partially cooled bu still hot liquid. The 
current is then switched on and the heating continued until the liquid is colour- 


less again. 
EXPERIMENTAL Data. 


We give below the quantities to be taken for the various blood phosphorus 
estimations in accordance with the results which have been described above. 
The actual quantities mentioned are based on the obtaining of 15 cc. of the 
final blue solution of a depth of colour suitable for comparison in a 25 mm. cell 
in the dilution colorimeter [Stanford, 1923]. Should any other final volume 
be desired it is important to note that the concentration of all the substances 
present in that final solution in which the colour is developing must be that 
here given. 

1. Reagents}. 


(a) Acid molybdate (for morganic phosphorus in blood, plasma or cor- 
puscles). 

Dissolve 25 g. of ammonium molybdate in 300 ce. of water, then add 75 ce. 
of concentrated sulphuric acid previously diluted with 125 cc. of water. 

(6) Neutral molybdate (for total, lipin and “acid soluble” phosphorus) 
is a filtered 5 % solution of ammonium molybdate. 
~ (ce) Quinol 1 % solution. 

(d) Sodium sulphite 20 % solution. 


2. Standards for inorganic phosphate. 





(a) i) (c) 
For whole blood For plasma For corpuscles 
KH,PO, (1 cc. =6-0 cmgm. P) 72-0 ce. 72-0 ee. 72-0 ce. 
CCI,. COOH (20 % solution) 74-4 91-2 57-6 
Water 397-6 340-8 374-4 
504-0 504-0 504-0 


3. Estimation of inorganic phosphates. 


Mix 20 volumes of blood, plasma, or corpuscles with 60 volumes of 1 % 
trichloroacetic acid, then add 17 volumes co . 20 % trichloroacetic acid and 
3 volumes of water. Shake vigorously, and allow to stand for a few minutes 
before filtering. To 10 cc. of the filtrate add 0-5 cc. of a KH,PO, solution 
containing 8 cmgm. of P per cc. (This 4-0 cmgm. is of course to be deducted 
when calculating the result.) To the 10-5 cc. of solution so obtained 1-5 ce. 
each of acid molybdate, quinol and sulphite are successively added, making 
a total volume of 15 cc. To 10-5 cc. of the appropriate standard (see above, 


1 The abbreviation ““emgm.”’ stands for “hundredth of a milligram.” 
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2 (a), (6) or (c)) 1-5 cc. each of acid molybdate, quinol and sulphite are added. 
The additions of molybdate, ete. to the two solutions should be as nearly 
simultaneous as possible, and the colorimetric comparison should be made 


after 30 minutes. 


4. Standard for total, lipin and “acid soluble” phosphorus. 





KH,PO, (1 ec. =6-0 cmgm. P) ... 72-0 ce. 

H,SO, (10) parece 36-0 

water ©... ee ee Se et 396-0 
504-0 


5. Estimation of total phosphorus. 


Take of whole blood 0-4 cc., or of plasma 1-5 ce., or of corpuscles 0-25 ce. 
(previously laked with an equal volume of warm water), and digest with 1 cc. 
of a mixture of concentrated sulphuric acid (1 part) and concentrated nitric 
acid (2 parts), adding three small pieces of quartz to prevent bumping. After 
digestion make up to 15 cc. in a graduated tube. Of each digestion product 
take 10 cc., add 0-5 cc. of water, followed by 1-5 cc. each of neutral molybdate, 
quinol and sulphite. The standard solution simultaneously set up contains 
10-5 ec. of the standard for total, etc. phosphorus given above, paragraph 4, 
and 1-5 cc. each of neutral molybdate, quinol and sulphite. 


6. Estimation of lipin phosphorus. 


Take of whole blood 1-5 cc., or of plasma 2-0 cc., or of corpuscles 1-0 ce, 
(previously laked with an equal volume of warm water). In each case add drop 
by drop to about 20 cc. of a mixture of alcohol (redistilled) 3 parts and ether 
(redistilled) 1 part. Heat to boiling in a water-bath, cool, filter through a small 
paper into a pyrex tube (250 x 25 mm.) and boil off the solvent in the water- 
bath. The blood product is repeatedly washed with small quantities of the 
extraction mixture, the washings being filtered into the pyrex tube and boiled 
off. The tube is finally left in boiling water for a few minutes. The acid digestion 
mixture (1 cc.) is then added and the subsequent procedure is the same as that 


for total phosphorus. 


SUMMARY. 


The conditions are described which are necessary for obtaining accurate 
results in the estimation of inorganic phosphate by the colorimetric method. 
The process of digestion with acids used for bringing total P or lipin P 
into the form of inorganic phosphate has also been studied, and an electrical 


heating device is described. 

Methods are given in detail for the estimation of inorganic, total, lipin 
and “acid soluble” P in blood, plasma and corpuscles, and evidence is pre- 
sented that the results are accurate to within a probable error of 5 % of the 
amount of phosphorus estimated. 
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We are indebted to our colleagues, Dr J. Walker and Dr 8. Grossman, for 
the collection of the very numerous samples required for this investigation. 

A part of the expenses of the work has been borne by the Medical Research 
Council, to whom our thanks are due. 
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CV. THE DISTRIBUTION OF PHOSPHORUS 
COMPOUNDS IN BLOOD. 


By ROBERT VINER STANFORD 
anD ARNOLD HERBERT MAURICE WHEATLEY. 


From the Chemical Laboratory, Cardiff City Mental Hospital. 
(Received June 15th, 1925.) 


It follows from the work of numerous observers that phosphorus is to be found 
in blood as inorganic phosphate, as lipin phosphorus compounds and in other 
forms of combination unknown: the last is frequently referred to as the 
“unknown” P. Bloor [1918], using his nephelometric method, seems to have 
been the only one to attempt a general survey of the question. Other state- 
ments in the literature are of a more or less fragmentary and disjointed 
character. For various reasons we do not consider that the figures given by 
Bloor as a result of his extensive investigation can fairly be regarded as final. 

After we had elaborated, therefore, the method with known limits of error 
described in the preceding paper we proceeded to investigate a few human bloods 


for purposes of orientation. Five individual bloods were obtained, and in each 


case the following estimations were made on the whole blood, the plasma and 
the corpuscles, namely, total P, inorganic P, lipin P and, by difference, “un- 
known” P. We also included the “acid soluble” P, because it has so frequently 
been the object of estimation by previous workers. The results are given in 
Table I (p. 707). 

All figures are cmgm. (7.e. hundredths of a milligram) of P per ce. 


Analysis of results. 

From cases 1, 2, 3, 4 and 5 it appears that the phosphorus compounds of 
the blood are divided on the average as shown in Table IT. 

The calculations have been made on the basis of the calculated value for 
the whole blood “total” derived from the ascertained corpuscle percentage, 
and not on the experimentally determined whole blood “total.” From 
Table I it will be seen that the agreement between the calculated and observed 
values is in most cases pretty good. 

Lipin phosphorus. The “acid-soluble” P is the total P of the trichloroacetic 
acid filtrate. On the assumption that the lipin P compounds are precipitated 
with the proteins, and that no other P compounds are, and that any P in 
protein combination will be negligible in amount it follows that the figures 
for lipin P would be equal to the difference between total P and “acid-soluble” 
P. The figures relating to this point, calculated from the experimental results 
in Table I, are given in columns 6 and 7 of that table. The 7th column shows 
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Table IT. 


0. 









0 
of total P Mean of 
In the plasma 
Tnorganic 5 a a ee 
Lipin 10 6 Mm 7, 8 9 
“Unknown” 0 0-6, 0-0, 0-5, 0-8, 0-6 
Total 15 15, 20, 11, 19, 13 














In the corpuscles 


Inorganic 3 2 4242 £3 
Lipin 17 7, 26, 1, 17, 38 
“Unknown” 65 66, 62, 67, 61, 67 





Total 85 85, 80, 89, 81, 88 






























the percentage difference between column 5 and column 3, the percentage 
being reckoned on the latter. 

It will be seen that the total “acid-soluble” is never less than the ex- 
perimentally determined lipin. The differences range from 0% to + 30% 
(in one case 60 %). Two explanations are possible for this. Whilst it was shown 
in the preceding paper that the methods employed have a probable error not 
exceeding 5 °%, yet there is the limitation in the case of the lipin P that the 
extraction process with alcohol and ether, although customary, is empirical. 
It is assumed that it extracts the lipin P compounds completely, and nothing 
else. Apart from this, the extraction of a mass of protein precipitate with an 
alcohol-ether mixture excites suspicion as a quantitative procedure. It is 
therefore doubtful whether the differences found are due to incomplete 
extraction, or to the presence of P compounds which are precipitated by 
trichloroacetic acid, but are not soluble in an alcohol-ether mixture. 


GENERAL CONCLUSIONS. 





From the analysis of results in Table II it appears that the relative quan- 
tities of inorganic, lipin and “unknown” P in the blood are fairly constant. It 
is also interesting that the “unknown” P is almost if not entirely confined to 
the corpuscles. This has been frequently suspected before, but so far as we are 
aware, no very satisfactory evidence for the statement has been given. 


Tur PHOSPHORUS OF CEREBROSPINAL FLUID. 





In the six experiments shown in Table III, the values obtained for in- 
organic and total P of cerebrospinal fluid (withdrawn from the living subject) 
are practically identical. It is curious that the “total” figures are in each 
case just greater than the inorganic, but the differences are really almost 
within the limits of experimental error (5%) which we have shown to be 
attached to the methods of estimation. At least 95 % of the phosphorus of 
the cerebrospinal fluid is therefore present in the form of inorganic phosphate. 


DISTRIBUTION OF P COMPOUNDS IN BLOOD: 709 
Table III. 


Case No, Tnorganic Total 
1-47 1-54 
1-27 1-33 
1-52 1-65 
1-51 1-61 
1-68 1-81 
1-57 1-62 


A part of the expenses of the work has been borne by the Medical Research 
Council, to whom our thanks are due. 
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CVI. THE ESTIMATION OF CALCIUM IN BLOOD. 
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From the Chemical Laboratory, Cardiff City Mental Hospital. 
(Received June 15th, 1925.) 


For the estimation of the small amounts (of the order of 10 cmgm.? per cc.) 
of calcium in blood numerous methods and modifications have been described. 
Of these, the most convenient are those in which the calcium is precipitated 
as oxalate, and estimated, after solution in sulphuric acid, with permanganate. 
We propose to detail a short procedure which enables calcium estimations 
on blood or blood products to be carried out in this way with a probable error 
not exceeding 5 %. 

Preparation of material. Precipitation with trichloroacetic acid removes 
the proteins without removing appreciable quantities of calcium. When the 
proteins are not precipitated, the calcium oxalate precipitate contains con- 
siderable quantities of organic matter, which use up permanganate. 

Precipitation of calcium oxalate. The conditions in which the calcium should 
be precipitated have been repeatedly studied, and it has been shown that 
certain limits of py must be observed. Precipitation with oxalic acid in the 
presence of a definite amount of hydrochloric acid and sodium acetate has the 
advantage that at the concentrations concerned magnesium is not likely to 
be precipitated as well. The necessary conditions for the oxalic acid precipi- 
tation, originally suggested for use on blood by McCrudden [1912], are stated 
in a paper by Widdows [1923]. 

Calcium oxalate is appreciably soluble in water. This point has been 
noticed by Cameron and Moorhouse [1925] in the case of their precipitation 
in ammoniacal solution, for they calculate the amount lost in washing, but 
it has escaped the attention of Widdows and others who have used the direct 
precipitation with oxalic acid and have washed the precipitate with water. 

Using the procedure of Widdows (which is in other respects entirely satis- 
factory) the solution at the time the calcium is precipitated contains a large 
excess of oxalic acid and has a py calculated to prevent any calcium oxalate 
from remaining in solution. After centrifugalisation a certain (but unstated) 
amount of this solution remains, and this is then diluted by the water of the 
first washing; what the solubility of oxalate in this mixture may be it is im- 
possible to calculate. The same applies to the second washing, but as we are 
then dealing with nearly pure water the solubility may very likely be that of 


calcium oxalate in water as determined by Richards, McCaffrey and Bisbee 
[1901]. 


1 The abbreviation “cmgm.” stands for centimilligram, the hundredth part of a milligram, 
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Another point which Widdows and others, who have washed the calcium 
oxalate precipitate by centrifugalisation, have not referred to is the propor- 
tionate amount of the liquid remaining in the centrifuge tube after each de- 
cantation. Relative to the minute oxalate precipitate the supernatant liquid 
in the first stage contains an enormous quantity of oxalic acid, and measure- 
ment of the undecanted residue is necessary before it can be decided how many 
washings are enough. The amount of residual liquid will depend on the shape 
of the centrifuge tube and on the method of decantation. Our own preliminary 
experiments using Widdows’ method gave apparently correct results (4 °/ to 
7 % too high) after two washings, but results 18 % to 21 % too low after three. 
This was because in those particular centrifuge tubes the amount of residual 
liquid was comparatively large, and so the free oxalic acid remaining after 
the second washing was enough to balance the loss due to solution of the 
oxalate precipitate, and so mask the effect, which, however, became apparent 
after the next washing. If those centrifuge tubes had been so designed as to 
permit of the removal of all but a fraction of a cc. of the supernatant liquid, 
that error would certainly have appeared at the second washing. 

The remedy is to wash the precipitate of calcium oxalate not with water 
but with a saturated solution of calcium oxalate. This is prepared by shaking 
precipitated and carefully washed calcium oxalate with water and filtering 
through two or three thicknesses of No. 30 Whatman paper. The saturated 
solution so obtained must be titrated with N/100 permanganate to make sure 
that no solid particles of oxalate have passed through the filter. Richards 
[Richards et al. 1901] refers to the difficulty of filtering this solution. For this 
purpose it is sufficient if 15 cc. of the solution require no more than 0-20 ce. 
to 0-24 ec. of N/100 permanganate. The correct figure at 18° is 0-17 ce. 


Method of estimation. 


(1) N/100 potassium permanganate. The instability of very dilute solutions 
of permanganate is well known, and we would therefore draw attention to the 
method of preparation given by Halverson and Bergeim [1918]. Made in this 
way we have found N/100 permanganate not to change its titre for weeks. 

(2) Centrifuge tubes. The amount of residual liquid after each centrifugalisa- 
tion is reduced to a minimum by conducting the precipitation and washings 
in centrifuge tubes which are about 85 mm. long and 30 mm. in diameter, 
and taper evenly from about the middle to a blunt point of about 8 mm. 
internal diameter. The supernatant liquid is removed by means of a small 
syphon made of capillary tubing, and having its tip drawn out and bent up- 
wards, so that the direction of flow is downwards. With these tubes and this 
syphon the amount of residual liquid is less than half a cc. so that, as may be 
proved by calculation, no measurable quantity of soluble oxalate can be left 
after the initial decantation plus two washings. 

(3) Method. 5 cc. of plasma are precipitated with 25 ce. of trichloroacetic 
acid (6-5 %). Of the filtrate 20 cc. are placed in a centrifuge tube. The tube 


45—2 
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is supported on a small wire tripod and the small stirrer previously described 
in connection with the dilution colorimeter [Stanford, 1923] is introduced into 
the liquid. With the stirrer rotating there are added firstly a drop of methyl 
red, then concentrated ammonia in drops until the liquid is just alkaline, then 
N/2 hydrochloric acid in drops until the liquid is just acid again. The solution 
so prepared is treated successively with 1 cc. N/2 hydrochloric acid, 1 ec. 4% 
oxalic acid and 1 cc. 20 % sodium acetate. The mixture is allowed to stand 
overnight, and is then centrifugalised and the precipitate washed twice by 
centrifugalisation with the saturated calcium oxalate solution already de- 
scribed, about 25 cc. being used each time. The oxalate precipitate is finally 
dissolved in 4 ce. of N sulphuric acid, and titrated with N/100 permanganate. 

For accurate titrations it is necessary to use a burette having a very fine 
tip. Ours is of 5 ce. capacity, graduated in fiftieths, and the size of drop is 
about 0-025 cc. As the titration figures are usually from 1-5 cc. to 2-0 ce. the 
titration may be regarded as being in itself accurate to about 1 °% if the observer 
has good colour perception. 

After centrifugalisation it will always be found that, whilst practically 
all the precipitate is compactly at the bottom, yet there are minute traces 
floating on the surface of the liquid. During the syphoning these traces tend 
to adhere to the limb of the syphon as the liquid descends. For this reason 
the syphon should be turned off just before the liquid meniscus reaches its 
intake, and the syphon limb carefully washed down with a jet of the saturated 
calcium oxalate solution. In trial experiments we found that after the complete 
set of three decantations traces of oxalate could be dissolved off the syphon 
limb and on titration were found to be equivalent to 0-06 cc. of permanganate. 
On the other hand, it is practically impossible to get reagents absolutely free 
from substances that attack permanganate, and we found in blank experi- 
ments on our reagents that such impurities represented, in the quantities used 
in an estimation, about the same quantity of permanganate (actually 0-05 cc.). 
We therefore allow these two errors to cancel one another by disregarding both 
of them. 

Purity of calcium oxalate precipitate. Hirth and Klotz [1923] have stated 
that the calcium oxalate precipitate may be contaminated with organic matter 
derived from the blood, which uses up permanganate and gives too high 
results. To satisfy ourselves on this point, we estimated the calcium in several 
plasma filtrates firstly by the permanganate method above described and 
secondly by converting the oxalate precipitate into oxide and estimating that 
acidimetrically. The latter figures were certainly in all cases slightly lower 
(4 %) than the permanganate results, but this difference is probably due to 
losses taking place in the additional transferences of material from vessel to 
vessel necessitated by the acidimetric procedure. This is confirmed by the 
fact that in two experiments on the estimation of known amounts of calcium 
in pure CaCl, solutions, taking quantities similar to those found in blood, the 


acidimetric method gave results which were from 3 % to 7 % too low, 
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Estimation of known calcium solutions. Four consecutive estimations on 
standard CaCl, solutions containing about the same amount of Ca as that 
present in plasma gave the following errors: — 2%, +1%,+2%,+2%. 

Recovery of added caleiwm. Known amounts of calcium chloride added to 
plasma! before the precipitation with trichloroacetic acid are quantitatively 
recovered with a probable error of about 5 %. The errors in seven consecutive 
experiments were 3%, 1%, —2%,-—-5%,2%,2% and 6%. 









DISTRIBUTION OF CALCIUM COMPOUNDS IN THE BLOOD. 





As after the experiments above described we were in possession of a method 
of a proved degree of accuracy of about 5 % we thought it well, for purposes 
of orientation, to examine a few human bloods from this point of view. In each 
case an estimation was made on the whole blood, on the plasma, and on the 
corpuscles. In addition the percentage of corpuscles was determined (by weigh- 
ing) so that the value for the whole blood calculated from those found for the 
plasma and corpuscles could be compared with the value actually found for 
the whole blood. The results in the five cases we examined are shown in the 
following table, and we think that, considering the necessary limitations of 
micro-quantitative methods, the agreement between the observed figures 
for whole blood in the first line and the calculated ones in the fourth is a further 
indication of the reliability of the method. 

It will be observed that the quantities of calcium in the corpuscles are very 
much smaller than those in the plasma. Kramer and Tisdall [1922] found no 
calcium in the corpuscles, but we consider the amounts recorded below are 
definitely outside cur limits of experimental error. They are doubtless high 


from adherent plasma, but it would require a 20 % plasma contamination to 
account for the whole of the apparent corpuscle calcium in this way. 





















Table I. Distribution of calcium compounds in blood. 





(All figures are cmgm. of Ca per cc.) 








Case 1 Case 2 Case 3 Case 4 Case 5 
Blood ... ee ai a 6-7 6-3 6-4 5-6 7-1 
Plasma ee cas nae 11-0 9-6 10-6 10-0 10-0 
Corpuscles__... “se =e 2-0 3-1 1-4 3-2 2-2 
Blood (calculated from P +C) 6-4 6-7 6-0 6-3 6-5 





The actual estimations were performed as follows: 

Blood. 6 cc. blood are pipetted into a small flask, the pipette is washed 
out with 6 cc. of cold water, the flask is corked and placed in a warm water- 
bath (40°) for about 20 minutes, and shaken from time to time. After laking 
is complete 10 cc. are run drop by drop into 25 cc. of 6-5 % trichloroacetic 
acid with constant mixing. The contents of the flask are shaken well and after 
standing about 30 minutes are filtered through a No. 30 Whatman paper. 











1 Anticoagulant: 3 mg. lithium citrate per cc. of blood [compare Briggs, 1923). 
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Plasma. 5 cc. plasma are added to 25 ce. of 6-5 % trichloroacetic acid and 
then treated as for blood above. 

Corpuscles. 6 cc. corpuscles are laked as in the case of the blood. 10 cc. of 
the laked corpuscles are added to 25 cc. of 6-5 % trichloroacetic acid and then 


treated as for blood above. 
From each filtrate 20 cc. are taken for the precipitation of the calcium. 


SUMMARY. 


Calcium in blood or blood products may be estimated with a probable error 
of + 5 % by precipitating the proteins with trichloroacetic acid, precipitating 
the calcium as calcium oxalate in certain conditions as to pg and then esti- 
mating the calcium by dissolving in acid and titrating with permanganate. 
The precipitate must be washed with a saturated solution of calcium oxalate, 
and not with water in which it is appreciably soluble. 

Using this method a series of estimations on the calcium content of blood, 
plasma and corpuscles has been made with the results set out in Table I above. 


We are indebted to our colleagues, Dr J. Walker and Dr S. Grossman, for 
the collection of the blood samples required for this investigation. 
A part of the expenses of the work has been borne by the Medical Research 


Council, to whom our thanks are due. 
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CVII. ESTIMATION OF ALLANTOIN IN 
PRESENCE OF URIC ACID, CREATININE 
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From the University Physiological Institute, Oslo, Norway. 


(Received June dth, 1925.) 


In a study of the excretion of uric acid and allantoin in normal and diabetic 
dogs we found it of importance to know if higher values than usual of uric acid, 
creatinine and amino-acids were of any influence on the results of the allantoin 
estimations. 

The method used for the estimation of allantoin was that of Wiechowski 
[1908, 1910, 1913]. The principle of the method is as follows: the urine is precipi- 
tated with phosphotungstic acid and basic lead acetate; HCl is removed and the 
heavy metals precipitated; in the last filtrate the allantoin is precipitated at 
neutral reaction by 1 % mercuric acetate solution in 20 % sodium acetate. 

The estimation of allantoin is then accomplished either by estimating the 
nitrogen in the precipitate, or by treating the precipitate with H,S, whereby 
the allantoin is set free; after crystallisation the allantoin is weighed. 

The following estimations have been made: 


Allantoin estimated Allantcin weighed 
by the N in the Hg- after crystallisa- 


precipitate (g.) tion (g.) 
(1) 0-1 g. allantoin 
50 ce. of urine containing 0-099 0-089 
0-02 g. uric acid 
(2) 0-1 g. allantoin | 
0-1 g. creatinine ais 
50 ce. human urine vad | 0-098 0-091 
taining 0-02 g. uric acic 
(3) 0-1 g. allantoin 
0-1 g. alanine 
r 0-161 0-091 


50 cc. human urine con- 


0-1 g. leucine 
taining 0-02 g. uric acid | 


(4) 0-Ig. allantoin 0-092 sae 
50 ce. distilled water 092 0-087 
(5) 0-1 g. allantoin 
0-1 g. alanine 
0-1 g. leucine 
50 ce. distilled water 


0-133 0-089 
(6) 0-1 g. allantoin 
0-01 g. alanine 
0-05 g. leucine 
50 ce. distilled water 


0-099 0-090 
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In each case the solution also contained 50 cc. of distilled water, 5 ce. 
1 % H,SO, and 5 cc. 50 % acetic acid. 

It appears from these results that the estimation of allantoin by Hg-pre- 
cipitation gives lower values in water solution than in urine (4 and 1). In 
urine the whole amount of allantoin apparently is recovered (1). This result, 
however, must be due to precipitation of other nitrogenous constituents than 
allantoin, as appears from (3) and (5), where apparently more allantoin is 
recovered than the amount which was in the solution. Even when present in 
small amounts other nitrogenous substances have a marked influence as 
appears from a comparison between (6) and (4). 

The results of estimation by weighing are constant, but about 10 % too 
low, which may be due to loss in crystallisation. ‘ 


CONCLUSIONS. 


It may be concluded from these results that the estimation of allantoin 
by Hg-precipitation gives figures for the amount of allantoin in aqueous 


solution, not more than 10 °% below the real amount. 

In presence of amino-acids in small quantities, and of creatinine and uric 
acid in quantities such as are contained in normal urine, the figures for 
allantoin by the same method are higher and closer to the real amount of 
allantoin. 

When amino-acids are present in larger amounts (0-2 %) the figures for 
allantoin are too high. 
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CVIII. THE EXCRETION OF PURINE 
DERIVATIVES IN DOGS. 
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(Received June 5th, 1925.) 


Ir is generally assumed as a fact that allantoin is the terminal product of 
purine metabolism in dogs and that allantoin excretion in dogs has the same 
significance as uric acid excretion in man. 

The difference between the purine metabolism in dogs and in man is 
believed to depend upon the presence in the dog’s liver of the enzyme uricase, 
which oxidises uric acid to allantoin, and the lack of this enzyme in the human 
liver and in other human tissues [ Wiechowski, 1907, 1908]. 

According to this conception the allantoin excretion in dogs and the uric 
acid excretion in man ought to have the same relative magnitude, if the only 
difference in their purine metabolism were that the terminal product in man 
was uric acid and in dogs allantoin. 

It appears however from the literature concerning determination of allan- 
toin in urines of dogs, that the excretion in many dogs is very large compared 
with the excretion of uric acid in man. 

In papers by Wiechowski [1907, 1908], Schittenhelm [1909] and Hirokawa 
[1910] numerous determinations of the allantoin excretion in dogs are found. 
If the allantoin nitrogen in percentage of total N is calculated from their 
tables, it is evident that this percentage is very high compared with the 
uric acid N in percentage of total N in man. The percentage varies between 7 
and 11. 

Hunter, Givens and Guion [1914] point out this high ratio of allantoin to 
the total N excretion and emphasise that the allantoin output under ordinary 
conditions of diet or even in starvation may be so great as to account for nearly 
one-tenth of all the nitrogen excreted. 

In man the excretion of uric acid N in percentage of total N is much 
smaller, the average being about 1 % if on purine-free diet. 

The amount of uric acid excreted by dogs is almost always very small and 
the amount of other purine bases in the urine is insignificant. 

In Dalmatian dogs, however, 8. R. Benedict [1917] found a quite con- 
siderable excretion of uric acid, a finding which is confirmed by Wells [1918], 
Onslow [1923] and by Folin, Berglund and Derick [1924]. 
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Onslow [1923] studied the inheritance of this anomaly in two generations 
of offspring from a Dalmatian and a terrier, and found that the anomaly was 
inherited according to the Mendelian law. 

In his papers, however, attention was directed only to the uric acid excretion. 
A series of allantoin estimations was made, but no remark was passed about 
the very large excretion of allantoin in all the dogs, which according to the 
tables in many dogs amounts to more than 20 % of the total N. 

When this very large excretion of allantoin in dogs is compared with the 
uric acid excretion in man, it is evident that the purine metabolism in the dog 
and in man must be quite different not only as regards the character of the 
terminal product. 

In most of the previous investigations of the allantoin excretion in dogs, 
however, it is difficult or impossible to find out how much of the allantoin in 
the urine is due to the purine content of the food. The diet is often described 
only as “liberal” and “‘mixed.” In one investigation by Harding and Young 
[1919] the quantity and quality of the diet is exactly described (meat and 
placenta), but the authors make no attempt to calculate how much of the 
allantoin excreted is due to the exogenous purines. It appears, however, from 
their tables, when we calculate the excretion of allantoin N in percentage of 
the total N, that on meat diet there has been an excretion of allantoin N 
varying between 4-3 and 9 %, of the total N excretion. On placental diet the 
allantoin excretion has been 9-14 % of the total N. 

The authors draw attention only to the difference between the output of 
allantoin on meat diet and on placental diet and conclude from these com- 
parative feeding experiments that the comparatively large amount of arginine 
present in the placental diet is responsible for the increase in purine meta- 
bolism, thus confirming the conclusion of Ackroyd and Hopkins [1915] who n 
their experiments on rats found that arginine and histidine may serve as 
substrate for allantoin formation in this animal. Harding and Young do not 
make any remark on the large excretion of allantoin on meat diet, for 
which the purine content of the food can only be responsible to a certain limit. 

Findings of large amounts of allantoin in dog’s urine are very important 
on account of conclusions drawn from comparative studies of purine 
metabolism in man and dogs, and based upon the assumption that the 
allantoin excretion in dogs has the same significance as the uric acid excre- 
tion in man. Folin, Berglund and Derick [1924] in their studies of the de- 
struction of intravenously injected uric acid in the dog and man, are aware 
of the fact that the allantoin excretion in dogs is unreasonably large, though 
they have no experiments bearing on this phenomenon. They remark (p. 400) 
that “from the standpoint of tissue metabolism, the finding of several times 
as much ‘endogenous’ purine derivatives as in man, in animals whose creatinine 
excretion is of the same order as that of man, points to some important missing 
link in the current, accepted concepts. Either the magnitude of purine meta- 
bolism in man is hidden by very extensive destruction of purine materials, 
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or the purine derivatives, including allantoin, found in the urine of other 
animals have a double origin, as in birds.” 

In order to obtain experimental evidence for or against the probability 
of such a double origin of the allantoin and uric acid excretion in dogs, we 
have made a series of feeding experiments in which we have determined the 
total N, allantoin and uric acid excretion on protein-free diet, on purine-free pro- 
tein diet and on high and low protein diet containing known amounts of purines. 

The dogs, all mongrels, were from the time they were puppies fed on bread 
exclusively—no meat. 

The urine was collected during 24 hours. The nitrogen was estimated by 
the Kjeldahl method, uric acid by the method of Folin and Wu [1919], 
allantoin by the method of Wiechowski [1913]. 


Table I. 


I. Dog A. Female, weight 9-50 kg. 120 g. fat only. 


Total N Uric acid Allantoin Uric acid N Allantoin N 
Date g. mg. g. mg. g. 
4. x. 1-73 Trace 0-85 — 0-30 
= 2-56 oe 1-00 — 0°35 


Average 2-14 0-92 - 0-33 
es ; 


15-5 % of total N 
200 g. horse-flesh + 100 g. fat. 

12. x. 5: 79 1-84 26 0-64 

13. x. 5s 110 37 0-49 

14, x. oUz 80 “2 26 0-45 

15. x. 5-0: 80 “32 26 0-46 

16, x. dt 107 f 36 0-68 





Average 5: 91 “BE 30 0-54 
ae 


10 % of total-N 
III. Dog B. Male, weight 8-90 kg. 500 g. horse-flesh. 


10. vi. 15-48 164 2-46 55 0-86 

11. vi. 15-88 215 2-10 2 0-74 

12. vi. 16-40 302 2-37 101 0-83 
6 


Average 15-65 227 2-30 76 0-81 
_ ~~ 
5-6 % of total N 

It appears from I that the excretion of allantoin N in the dog on a pure 
fat diet is 15-5 % of the total N excretion, a percentage which is 15 times 
as high as in man on a fat diet. 

From II and III it is seen that both the allantoin and the uric 
acid excretion increase when protein is given. Findings of 10 % and 5-6 % 
of the total N as allantoin N and uric acid N when feeding horse-flesh, which 
is relatively poor in purines, are extraordinarily high, compared with the 
values for uric acid N in man in corresponding experiments. Burian and 
Schur [1900] have determined the purine content of different tissues, and they 
found [1900, p. 309, Table VIII] in fresh horse-flesh 0-065 % purine N, equal to 
about 2 % of the total nitrogen. It is thus impossible that the purines in 200g. of 
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horse-flesh can be responsible for more than 0-13 g. purine N, and in 500 g. of 
horse-flesh for more than 0-32 g. purine N (allantoin N + uric acid N) in the urine. 

Most of the excreted allantoin and uric acid must therefore in these experi- 
ments have another origin than the purine content of the food. Either the 
break-down of nucleic materials in the body must have increased when feeding 
horse-flesh, or purines are synthesised from purine-free protein. 

In feeding experiments with 700 g. of horse-flesh on two other dogs the 
excretion of purine derivatives was less than in the previous experiments 


with less meat, the excretion being on the average 2-7 and 2-5 % of the total N. 


Table II. 


Dog C. Female, weight 17-9 kg. 700 g. horse-flesh. 
Total Uric Allan- Uric Allan- 
N acid toin acid N toin N 
Date g. mg. g. mg. g. Remarks 
12. v. and 13. v. 19-9 198 1-34 66 0-47 Urine put together for 2 days. 
: v——— Average for 24 hours 
2-7 % of total N 
Dog E. Male, weight 19-4 kg. 700 g. horse-flesh. 


12. v. and 13. v. 20-2 167 1-27 56 0-45 Average for 24 hours 


25% of total N 

Three other dogs were fed exclusively with milk and bread ad libitum. 
They had been on this diet for weeks, and there was no change in the diet 
when they were placed in the metabolic cage. As appears from Table III 
there is a difference in the excretion of allantoin and uric acid in these dogs 
which can neither be due to the difference in the quality of the food, nor to 
the quantity of protein metabolised. The excretion of allantoin and uric acid 
is greatest in a dog (dog G) which has a smaller excretion of total N than the 
other dogs. The excretion of purine N is 5-3 % of the total N in this dog, 
and the total amount is the highest found in any of these experiments. It is 
evident that the excretion depends upon some other important factor than the 
existence of certain amino-acids in the proteins supplied. 


Table ITI. 


Dog F. Female, weight 14-00 kg. Bread and milk ad libitum. 


Total N Uric acid Allantoin Uric acid N Allantoin N 
Date g. mg. g. mg. g. 
1. vi. 22-15 248 1-23 83 0-43 


aS See Sere 


2-33 % of total N 
Dog G. Male, weight 21-5 kg. Bread and milk ad libitum. 


3. vi. 18-13 436 2-35 145 0-82 
is ee 


53% a total N 
Dog H. Male, weight 17-00 kg. Bread and milk ad libitum. 


5. vi. 18-14 157 1-25 52 0-44 
EE se 


27 % of total N 
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The suggestion of a synthesis in mammals of purines from purine-free 
protein dates from recent years. The starting point for all researches on this 
problem is the observation of Folin [1905] made 20 years ago, that the endo- 
genous uric acid excretion in man is influenced-to a considerable extent by the 
protein content of the food. Folin found that a change from a protein-rich 
diet, consisting of eggs and milk, to a protein-poor diet, consisting of cream 
and starch, might be accompanied by a considerable decrease in the excretion 
of uric acid—a decrease, however, which was not the same in all individuals. 

This observation of Folin was later confirmed by a number of investigators 
| for lit. see Rose, 1921]. Most of the earlier explanations of this phenomenon are 
based upon the conception that the nucleins are the sole origin of the uric 
acid in the urine (increased activity of the digestive organs, stimulation of 
cellular metabolism by amino-acids). 

More recently the suggestion was made that the purines might be syn- 
thesised from amino-acids. This suggestion is based upon the work of Ackroyd 
and Hopkins [1915] previously alluded to. These authors found that the 
allantom excretion in young rats decreased 40-50% when the rats were 
supplied with purine-free diets deprived of arginine and histidine, but complete 
in every other respect, and that the allantoin excretion again increased when 
these amino-acids were added to the food. Tryptophan was without any 
influence on the allantoin excretion. The authors concluded from their experi- 


ments that arginine and histidine were usable raw materials for purine synthesis 


in the body of the rat. 

The experiments of Ackroyd and Hopkins are of the greatest importance. 
They were. the first to show that a synthesis of purines from amino-acids occurs 
in mammals, a synthesis which until that time was known only with certainty 
in birds and reptiles. 

Harding and Young [1919] have thereafter arrived at a similar conclusion 
as regards dogs. As previously mentioned these authors found that placenta, 
which is rich in arginine, produced a much greater excretion of allantoin than 
did meat. 

Quite recently Rose and Cook [1925] in experiments on rats have confirmed 
the results of Ackroyd and Hopkins as far as the relation of histidine to purine 
metabolism is concerned. On the other hand, arginine failed to affect the 
output of allantoin. 

As regards our experiments, they permit of the conclusion that in dogs on 
meat diet purine derivatives are excreted in amounts which are extraordinarily 
high, and which largely exceed the purine content of the meat, and also that 
dogs on purine-free diet excrete such large amounts of purine derivatives that 
a synthesis is most plausible. 

The experiments dq not however permit conclusions as to which amino- 
acids may be the raw materials for the synthesis of purines. 

The most striking feature in our experiments is that the amount of 
the synthesised allantoin and uric acid varies in the different dogs on the 
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same diet. The power of synthesis is most probably common to all dogs, but 
the extent of synthesis seems to depend more upon individual factors than 
on the kind of amino-acids in the food. 

That the purine metabolism varies, not only in the different species 
but also in different individuals of the same species, is a fact. This is 
evident both from the varying amount of excreted endogenous purine bodies 
and from the varying power to destroy intravenously injected uric acid, as 
shown by Folin, Berglund and Derick [1924]. As regards the dog, the velocity 
with which the intravenously injected uric acid is destroyed, according to 
these authors, is different in different dogs, but never irregular in the same 
dog. 

When we calculate the ratio allantoin : uric acid in our experiments we 
arrive at a similar conclusion. There is no constant relationship between these 
substances in the urines of these dogs. Hunter and Givens [1914] have intro- 
duced the term “uricolytic index” to indicate this relationship. The term 
expresses the percentage of allantoin N onthe sum of uricacid N plusallantoin N. 
In normal dogs Hunter, Givens and Guion [1914] found an index of 98. In 
studies of the uric acid metabolism in Dalmatian dogs 8. R. Benedict [1916, 
1917] found that these dogs eliminate more uric acid in proportion to allantoin 
and that accordingly the index is smaller, varying between 24 and 62. 

In other mammals Hunter and co-workers [1914] have found that the 
index varies between 79 and 98, but is constant in each species, indicating 
that among mammalia there exist several distinct types of purme metabolism. 

The validity of this index as a physiological constant, however, is rendered 
doubtful, when the “uricolytic index” in our experiments (‘Table IV) is con- 


sidered. 


Table IV. 


Animal Uricolytic index 

(dog) (average) Diet 
A 95 200 g. horse-flesh, 100 g. fat 
B 91 500 g. horse-flesh 
Cc 87 700 g. horse-flesh 
E 89 700 g. horse-flesh 
F 84 Bread and milk 
G 85 Bread and milk 
H 89 Bread and milk 


It appears from this table that the “uricolytic index” varies in all these 
dogs, the highest index being 95, the lowest 84. 

It seems therefore as if the oxidation of uric acid also varies individually 
in the different dogs. 

These observations of a varying purine metabolism in animals of the same 
species support our opinion that the suggested synthesis depends on individual 
factors, which we are inclined to conceive as persisting ontogenetic dispositions. 

By studying the comparative biochemistry of the purine metabolism one 
gets the impression that individual factors play a predominating role. 
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The varying excretion of “endogenous” uric acid in different human beings, 
the varying concentrations of uric acid in the blood, the great uric acid ex- 
cretion in the Dalmatian hound compared with the usual excretion in other 
dogs, and the varying allantoin and uric acid excretion in different dogs point 
to individual dispositions, which probably persist from embryonic life and 
are inheritable, and are such inheritable dispositions as might characterise 
a family or a race. 
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THE term 
in their extensive investigations of uric acid and allantoin excretion in different 


‘uricolytic index” was introduced by Hunter and his co-workers 


animals (literature in the preceding paper). The term expresses the percentage 
of the total of uric acid N plus allantoin N represented by the allantoin N. 

In normal dogs Hunter and Givens calculated an index of 98. 

In the preceding paper we have shown that the validity of the “uricolytic 
index” as a physiological constant is doubtful. 

However, assuming that allantoin is the terminal product of purine meta- 
bolism in dogs and that the conversion of uric acid into allantoin is due to 
oxidation, this index still must give information about this oxidation process 
when feeding or injecting purines. 

In two diabetic dogs we have determined this index in feeding experiments 
with nucleic acids. For control we gave nucleic acid in the same quantities 


to two normal dogs. The normal dogs were dog C and dog E£ in the preceding 


paper. 
Table I. 


I. Dog C. Normal, female, weight 17-9 kg. 


Total Uric Allan- Uric Allan- 
N acid toin acid N toin N  Uricolytic 
Date g. mg. g. mg. g. index Remarks 

yr, and 13. v. 198 1-37 66 0:47 87 700 g. horse-flesh 
Average for 24 hours 

r. and 15. v. 22- 291 1-71 97 0-60 87 700 g. horse-flesh 
5 g. nucleic acid* 
Average for 24 hours 


II. Dog E. Normal, male, weight 19-4 kq. 


r. and 13. v. 20-2 167 1:27 56 0-45 89 700 g. horse-flesh 
Average for 24 hours 
ry. and 15. v. 21-7 229 1-56 76 0-55 88 700 g. horse-flesh 
5 g. nucleic acid* 


* Merck’s commercial preparation. 


The experiments show that feeding 5g. nucleic acid does not alter the 
uricolytic index in these dogs. The uric acid and allantoin excretion increase 
proportionally. 

The diabetic dogs suffered from a heavy glycosuria. They had a moderate 
acidosis with increased ammonia production and positive ferric chloride 
reaction. 
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They were kept on a diet consisting of 500g. of horse-flesh and 50 g. 
emulsified fat. The urine was collected in a metabolic cage during three days. 
During the three days following the dogs received in addition to the same 
diet 5 g. nucleic acid per day and thereafter during the next three days the 
same diet without nucleic acid. The total N, uric acid and allantoin were 
estimated and the average calculated for 24 hours. The methods used were 
the same as in the preceding paper. The results appear in Table II. 


Table IT. 
Ill. Dog K. Diabetic, weight 8-00 kg. 


Uric Allan- Uric Allan- —_ Urico- 
Total N acid toin acid N-_toin N lytic 
Period g. mg. g. mg. g. index Remarks 


1 14-18 292 1-63 97 0-57 85 500 ¢. horse-flesh 
50 g. fat per day 


516 . 172 0-67 81 500 g. horse-flesh 
50 g. fat, 5 g. nucleic 
acid 
232 “2 77 f 500 g. horse-flesh 
50 g. fat 


IV. Dog L. Diabetic, weight 8-70 kg. 


14-07 131 1-18 43 0-41 90 500 g. horse-flesh 
50 g. fat 


14-91 286 1-33 95 0-46 83 500 g. horse-flesh 
50 g. fat 
5 g. nucleic acid 
14-17 nf 84 0-32 ‘ 500 g. horse-flesh 
50 g. fat 

The findings in these diabetic dogs are different from those in the normal 
dogs. The “uricolytic index” decreases when feeding nucleic acid, indicating 
a diminished power to destroy uric acid. 

This diminished power to oxidise uric acid must be due either to general 
diminution of the oxidative power of the body, or to lack of the special uric 
acid-oxidising agent. 

The conception of a general diminution of the oxidation power of the body 
would be in accordance with the concept of the nature of diabetes as a diminu- 
tion of the carbohydrate-oxidising processes. 

However, Folin, Berglund and Derick [1924] have recently demonstrated 
that the pancreas has nothing to do with the oxidation of uric acid. Into a dog 
whose pancreas had been removed about 5 hours before and whose blood-sugar 
had risen to 0-3 % they injected intravenously 100 mg. of uric acid per kg. 
The injected uric acid disappeared from the blood just as quickly as in normal 
dogs. 

The disturbance of the carbohydrate metabolism per se cannot therefore 
be the cause of the diminished oxidation of uric acid found in our dogs. 

We are inclined to conceive the increase in the uric acid excretion as caused 
by liver insufficiency. The uric acid-oxidising enzyme, uricase, is probably 
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formed in the liver—the presence of it in the liver is shown by Wiechowski. 
Moreover, the large increase in the uric acid concentration of the blood after 
liver extirpation in dogs, as demonstrated by Mann and Magath [1921], also 
makes it probable that the uric acid-destroying agent is formed in the liver. 
Pathological conditions, however, arise in the liver during the disease, as 
shown by the formation of ketones, the lack of glycogen formation and the 
fatty infiltration of the liver cells. 

As a consequence of such an insufficiency the uric acid-destroying agent is 
probably produced in less amount, or the milieu is not favourable to its action. 
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